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THE BIOLOGICAL INSTITUTE OF 
THE TOHOKU IMPERIAL UNIVERSITY 

In publishing the first biological number of the Science 
Reports, which appears as Scries IV, I wish to announce the 
formal opening of the Biological Institute of the Tohoku Im¬ 
perial University. 

The erection of the buildings for the Biological Institute 
was commenced in April, 1921, and has progressed in a sat¬ 
isfactory manner. At the present time, January, 1924, the 
main building, designed to accommodate investigators in 
physiology, heredity, and allied biological sciences, and the 
greenhouse are equipped and in use. 

The Marine Biological Station, located at Asamushi, 
Aomori Ken, is under construction, and it is expected that a 
portion of the building will be open to biological students and 
investigators during the summer of 1924. 

It is planned to publish complete details of the construc¬ 
tion and equipment of the buildings of the Biological Institute 
when they are finishe^l. The total cost will approximate one 
million yen. 

Although it may be said that the main object of the Bio¬ 
logical Institute is to train students in the biological sciences, 
at the same time the University authorities are keenly aware 
that the successful school of biology must offer opportunities 
for the pursuit of research in those .sciences. 

In the construction of the buildings and in the e<pupment 
of the laboratories the main purposes of the Institute and 
the methods of attaining them have been kept in mind. 

The Marine Biological Station will be equipped not only 
for students, but elaborate provision will be made also for 
investigators. Among its unique features may be mentioned 
a specially designed under-sea laboratory provided for ob- 
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servations on ox^jerimental evolution and for physiological 
experiments, and a spacious open marine pool for observation 
on the growth of marine organisms. In addition, several 
residences and a large dormitory have been erected where 
investigators may live with their families and where students 
will find suitable accommodations. 

The Biological Institute has thus been established with 
the hope that it may prove to be a very considerable factor 
in the promotion of biological science in Japan. While its 
success must depend largely upon the activities of its own 
members, we b(‘lieve it will be of greatest service to science 
by cooperating with similar institutions in other parts of our 
own and in otlier countries. With this idea in mind, it is my 
hope that our colleagues may take advantage of the research 
opportunities we have to offer. 

The other Institntes in our Science College have already 
received proper recognition for their scientific activities. With 
the hope that the Biological Institute will also merit and 
receive similar recognition, I take the liberty of adding this 
brief statement to the first issue of Series JV of the Science 
Reports. 

SHINKISHI UATAI, Ph.D., 
Professor of Zoology. 



CONTRIBUTIONS TO THE PllYSTOLOOY OF 
EARTHWORMS 


II. THE EKEECT Of' TEMPEKATUHE ON THE SHOUTENIXG OK THE BODY 
AND THE CONTENT OF WATEK IN THE BODY OF EAUTHWOIIM.S 

SH1NKI8HI UATAI 

POUR TKXT PKIURKB 

While studying rhylhmic contractions in several species of 
Oligochaeta (Hatai, ’22) it Avas noted tliat not only diffenuit 
portions of the body show different forms of rhythms but the 
forms of the curves grade from simple to complex along tlu; 
postero-anterior axis. Furthermore, the tissues from which 
the nerve cord is freed give spontaneous contractions in the 
tail region, Avhile similarly treated tissues in more anterior 
parts fail to produce such contraction. These facts suggest 
that in the earthworm there may exist still other sorts of 
graded differentiation in other characters than those men¬ 
tioned in the above and T have tested this (luestion from the 
standpoint of the heat effect. 

The technique employed for the present investigation is 
essentially the same as that used in cf»nnection with my former 
investigation (Hatai, ’22), but in this case the utmost care 
was taken to determine accurately the degree of the tempera¬ 
ture at which the tissue showed the initial heat rigor. For 
such determination it was found most important to us(; active 
and fresh specimens only, since such tissues alone can pro¬ 
duce sudden contractions as the result of the gradual rise 
of temperature, while older and less active specimens iiro- 
duce generally very gradual contractions and hence the point 
of contraction cannot be determined with certainty. 


3 



4 


SHINKISHI HATAI 


In the {)resent investigation 1 shall discuss only the point 
at which the tissue showed initial heat rigor; the temperature 
at which the maximum contraction occurs as well as the tem¬ 
perature at which the second rise of heat rigor appears will 
not be considei'od. 

For the materials of the investigation I have chiefly em¬ 
ployed the earthw’orm, Perichaeta megascolidioides, Ooto and 
Hatai, on account of the greater size of its body as well as the 
greater elasticity of the tissue. The other worms which 
were use<l for the purpose of comparison were Per. divergens, 
Mels., and several forma of marine annelids. 

In order to distingiiish the different portions of the body I 
have adox)ted the following designations: 


ANTKRIOR MIDDLE POSTERIOR 



Iliillllllllilllli DORSAL. I 1 LATERAL VENTRAL 

Diagram 1 


The preclitellar portion, usually called the head, w'as divided 
into two portions, and the foremost including the mouth desig¬ 
nated I and the other designated II. The clitellum itself is 
designated III. The postclitellar portion of the body was 
divided into eight ecpial portions and these portions were 
designated according to the natural order of segments which 
were taken; that is, the portion next to the clitellum is desig¬ 
nated IV and the segment which follows immediately caudad 
to IV was designattnl V, and finally the tail end was desig¬ 
nated XI. Diagram 1 illustrates the statements given above. 
It must be added that in some instances I have also desig¬ 
nated the preclitellar region ‘anterior,’ the last two caudal 
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divisions X and XI ‘posterior,’ and the divisions which were 
numbered VI and VII were designated ‘middle.’ 

In most cases the body wall alone was used, but when tlu; 
worms were either too small for such operation or the tissues 
broke too easily, the entire segments together w'ith the internal 
organs were used. 

In several instances 1 have further diviiled the body into 
three divisions, the dorsal, the lateral and the ventral, and 
tested each separately. 

The color of the dorsal region is deep pinkish brown, while 
that of the ventral region is white, but toward the lateral 
midline the colors are gradually mixed. I have therefore di¬ 
vided the ring into three nearly equal areas without regard 
to the colors, as is shown in diagram 2, and designated those 
divisions as ilorsal, lateral ainl ventral, as illustrated in the 



---4)ORSAl. 

---LATERAL 

----VENTRAI. 


Diugratn 2 


figure; though such treatment is arbitrary, nevertheless physi¬ 
ological reactions are definitely distinguishable from eaiih 
other as will be seen in subsequent pages. Lastly, for the 
determination of a point which corresponds to the onset of 
heat contraction, I have adopted the following simple device. 
With a sharply pointed hard pencil a line was drawn parallel 
to the base line (or in this case the line drawn by the tempera¬ 
ture recording lever), closely touching the curve. The point 
of divergence which was formed by the straight line thus 
drawn and the curve traced by the contraction of the tissue 
was taken as the point of onset of the lieat contraction. As 
has been stated above, unless the tissue is fresh and active 
the point of divergence cannot be determined with accuracy 
owing to the very gradual rise, and consequently there is a 
failure to show a sudden change of direction. 
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THE EPEE(;T op heat on DIPPEBENT PORTIONS OP THE BODY 

Vernon (’99) found in Lumbricns that the anterior part 
requires the highest temperatures for the production of the 
initial contraction when compared with both the middle and 
posterior parts. Tlie middle part differs in this respect very 
little from the posterior, but the former tends to require a 
slighlly higher temperature than the latter. Thus, according 
to Vernon, the temperature grades from fhe head towards the 
tail, the former requiring the highest while the tail region 
recpiires the lowest. The significance of this peculiar behavior 
f>f the tissues toward heat will be discussed later and I shall 
first present data which I have gathered from the Japanese 
species of earthworms. 

As a preliminary I have made some tests, using Perichaeta 
(livergens of Alichaelsen, and obtained the following results: 

Pf‘rir?inHa (fh'enjem (no. /) 

(hwi o/ hiitial 
ctnifrorfitni ,' (\ 

Aiiteruir 4(K7 

Midtile 30.8 

IVisterior 38.0 

In this instance, entire* portions of the body together with 
the organs contained in the segment were used, and thus the 
present test is directly comparable with the observations of 
Vernon. We find as Vernon found in Lumbricns that the 
anterior segments require much higher temperature when 
compared with the rest of the body, but contrary to Lumbricns 
the tail en<l requires definitely higher temperature than the 
middle. This we found to be generally true even when the 
body wall alone was tested without the internal organs. The 
following table shows this clearly: 


Perkhaeta fUvertjem (no. J) 



J)fjmU 

Vvntrnl 

A t'eraof tif 
ilnrBot 4- t'entral 



Degrpefl 


Anterior 

40.0 

38.7 

39.4 

Middle 

37.0 

37.2 

37.0 ’ 

Posterior 

37.8 

38.7 

38.3 

Average 

38.0 

38.2 




PHYSIOLOGY OF EAHTHWOHMS. II 7 


l^n'irhotitt itieijUHrtiliilioitle* (uo. 1) 



Dnrml 

IV ntruf 

Airwfft t\f 
(Utmil 1 Vditinl 


Deicrp»*H 

Deg rees 

Dcgrt‘t*« 

Anterior 

41.3 

38.5 

30 W 

Middle 

3U.2 

.38.0 

38.0 

Posterior 

40.7 

.37.0 

.37.9 

AvernKO 

40.4 

37.8 

38.9 


P(*rirha**ta ( 

nn. 4) 




IV nfntf. 

Am'df/t o/ 
ftftmtl t rt nfnit 


1 reoR 

Degrees 

Degroea 

Anterior 

42.8 

40.4 

41.3 

Middle 

38.2 

;m.7 

37.5 

Pf)Hterior 

37.3 

3r>.2 

.33.8 

AveraiJfe 

30.4 

37.8 



This specimen was large, but the elitellum was luit yet ileveluped. 


From those three examples we notice clearly that the an¬ 
terior portion of the body re<(iiires the highest ti'mperatnre 
to produce initial heat rifjor when compared with the other 
portions of the hotly. As was noted by Vernon, the middle 
portion differs but very little from the posterior rtigion, but 
in our material the posterior tends to retpiire a shade higher 
temperature than the middle. 1 may add that the difference 
.■just stated in these two portions of the body is often very dis¬ 
tinct as will be seen from numerous other examples given in 
subsequent pages. 

The above example brought out one more point which was 
not at all anticipated; that is, the dorsal region requires in 
almost all cases definitely higher temp(*rature to produce the 
initial heat rigor than the ventral region. We furthiir notice 
that the temperature differences between the dorsal and ven¬ 
tral are greater than the temperature differences between the 
middle and posterior parts of the body. 

Before discussing the results T shall present further data 
in which the determination was made on more than three 
portions of the body. 
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Pt^rivhafta inffftmrtpiHfioitfeM {iw. .V)* Advil 




ihirml 


i'nifntl 

Airrage of 
dormU 4 ventral 



DeKrtwa 


Degrees 

Degrees 

Anterior 

(1) 

43.2 


41.5 

42.4 

Middle 

(VJ) 

41. « 


38.9 

40.3 

Middle 

(VII) 

4().7 


38.7 

39.7 

Po«terif)r 

(X) 

43.5 


39.0 

41.3 

PoHterior (XI) 

40.7 


;18.8 

39.8 

Average 


41.9 


39.4 




IWirhvf'ta vv*gviM'ulvlinvhH (ao. 

4). Adult 




S »7)ihrr oj 
i*r{rmr7itt> 

Ih/mtl 


A rt-mgr of 
(torstU 1 tmtivl 




Ivirree.s 


Degrees 

Anterior 

(1) 

8 

41.3 

41.0 

41.2 


(II) 

7 

41.5 

40.9 

41.2 

(^litelluiii 

(HI) 

8 

41.2 

39.8 

40.5 

Middle 

(IV) 

10 

40.4 

39.0 

39.7 


(V) 

n 

39.8 

39.2 

39.4 


(VI) 

15 

39.4 

38.7 

39.1 


(VII) 

13 

39.3 

38.7 

39.0 


(VIII) 

14 

39.2 

.‘18.7 

39.0 


(IX) 

10 

39.8 

37.9 

38.9 

IVwU'rior 

(X) 

10 

40.0 

37.8 

38.9 


(XI) 

9 

41X9 

37.8 

39.4 

A verajrf* 



40.2 

39.4 



These two examples show clearly that the general state¬ 
ments so far made still hold true. Here we further notice that 
the amount of heat which is necessary to produce the initial 
heat rigor decreases gradually from the anterior toward the 
posterior but reaches the minimum at about or near the end of 
the middle body (VIT and VIII); however, it rises again and 
at the tail end reaches a seciond maximum. 

I may point out that in the posterior two portions (nos. X 
and XI), X sometimes requires higher temperature and XI 
in other cases, and I am thus far unable to state definitely 
which one of the two portions ought to be considered the sec¬ 
ond maximum. 

So far I have tested the effect of heat on adult earthworms, 
but whether or not this phenomenon of ‘heat shortening gra¬ 
dient’ is peculiar to the adult worms only would be very 
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interesting to determine. Unfortunately, however, 1 had in 
my labmcatory only one young specimen, mea.suring about 
li indhtM when contracted, to test, but I hav’^e decided to 
present'the data below as a matter of interest. 


Ptrithiifiu 

in rgaHcnrithtyulfH (w/>. 

u). Im/ ifontuj, 

mnall 

Hperinu*}} 


(h'der nf 



A trmffr of 



Jlttrmi! 

\‘rntr(tl 

(htrmt H- vrufrnt 



r)PKTft «'8 



Anterior (month) 

1 

43.5 

:w.5 

41,0 

2 

38.« 

;i8.4 

38.5 


3 

42.8 

38.7 

40.8 


1 

42.4 

39.4 

40.9 

PoHterior (hiiuh) 

5 

42.9 

37.8 

40.3 

Averaj^- 


42.0 

38.8 



In this specimen the entire body was cut into fiv'e equal 
• pieces and the test was made of the parts together with the 
internal organs. Although a single observation, nevertheless 
a close agreement of the results with all adult specimens sug¬ 
gests strongly that the ‘heat shortening gradient’ is already 
present in this stage of growth. We must therefore await fur¬ 
ther opportunity to make additional observations on more 
immature individuals to ticcide the above (luestion. 

In subsequent pages further data are given with the liope. 
1) of determining the extent of individual variations and, 2) 
to present further additional observations on the lateral re¬ 
gions of the body. 

IWichfif'ta ti). AiinU, hut Htuatl 




fhn'HdJ 

fjUn'iil 

Vriitrnf ftnrunl 

f- Infrral > ivufrnl 



Pearee.s 

Deirr**!** 


Poarfcs 

Anterior 


40.0 

39.8 

38.1 

:w.8 

Middle 


35.0 

38,8 

;i8.8 

.36.2 

PcjHterior 


:«.o 

37.7 

:vs ‘j 

38.0 

Average 


37.7 

38.0 

37.0 




IWieluiftn mfijmvulhlioideH {no. 

7). A f hilt 







Ai't’rngr ttf 



Domil 

iMtvmt 

Vnifi'nl (torttal 

» lateral * irnfuU 



Dearees 

Pearees 


Doar*»€*H 

Anterior 


44.3 

44.4 

43.0 

43.9 

Cnitellum 


42.7 

40.8 

41.0 

41.4 

Middle 


40.4 

41.4 

39.8 

49.5 

Posterior 

(X) 

40.0 

38.8 

38.5 

.39.1 

Poeterior 

(XI) 

41.0 

.%.o 

39.5 

39.5 

Average 


41.7 ’ 

40,6 

40.4 
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Pfrirlidfta mfijitMTiilhliitulet (mi. /i). AiluU, Innje 





JaiU ml 

VnUrid 

dnri<U 

Averaof nf 
i Inirnd + vmimi 



Derrops 

Degrees 

Degrees 


Degrees 

Anterior 

(I) 

43.9 

41.5 

42.0 


42.5 

Anterior 

(H) 

43.4 

43.2 

42.2 


42.9 

Middle 

(VI) 

40.7 

39.8 

39.8 


40.1 

Middle 

(VII) 

39.0 

39.0) 

39.0 


39.2 

Posterior 

(X) 

41.0 

39.0 

39.0 


39.9 

IN »Hterior 

(XI) 

41.9 

41.9 

41.5 


41.8 

AveriiKi' 


41.7 

40.9 

40.0 





Perirhueta nif/jnM'oIidiouJt'ft (no. [*). 

.Id////, lanjf' 




Dorml 

tjttrml 

r< ntml 

domtl 

Ai'eroQp t\f 
t Inttral + irtdml 



Doifreea 

D<»gr«‘<‘.s 

Degrees 


Degrees 

Anterior 

(I) 

41.4 

41.3 

~ 



Anterior 

(II) 

41.0 

39.7 

39.9 


40.4 

Middle 

(VI) 

39.0 

.38.7 

38.0 


:18.8 

Mitldle 

(VII) 

30.0 

30.5 

37.5 


m,9 

P(«!*terior 

(X) 

42.0 

38.0 

37.0 


39.2 

PoHterior 

(XI) 

40.1 

37.0 

30.0 


37.9 

Average 


39.9 

38.2 

37.8 



X not hieliulctl 

in the average. 

' 






Pprichnetn meijimvoUdioitlen (no. 

U)). Adnit 




JhtrtHd 

IaiU ml 

Vt ntmf 

dttrml 

.i»TrfiCFe nf 

1 Intf-nU 1 tv'ttfm/ 



Ot'irrt'es 


Degrees 


Degrees 

Anterior 


43.0 

43.5 

42.1 


42.9 

Middle 

(VI) 

40.0 

:w».o 

40.5 


3tt.8 

Middle 

(VII) 

41.1 

40.8 

41.3 


41.1 

ronteri<»r 


40.8 

39.7 

.39.9 


40.1 

Average 


41.2 

40.8 

41.0 




Tlie data taken from tlic five Avorins above show again that, 
witli few isolated exceptions, the anterior region requires the 
highest temperatxare to produce heat rigor while the posterior 
surpasses the middle in this respect and the dorsal region 
requires distinctly higher temperature than the ventral. 

'fhe lateral region tends to show a greater degree of varia¬ 
bility than in any other instances so far found, but the exist¬ 
ence of a strong tendency to require much higher temperature 
than in the ventral and lower temperature than in the dorsal 
region cannot be denied: in other words, the lateral stands 
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between tiieilorsal and ventral. The greater variability wliieli 
wa« found in the lateral region was due probably to the tech¬ 
nical diffieidty of separating the lateral region from both tlui 
dorsal and the ventral. It must be admitted that in dividing 
the rings into three regions sometimes more of the dorsal 
tissue is included with the lateral and sometimes more of the 
ventral. On account of this difficulty of technique the occur¬ 
rence of somewhat larger irregulai-ity cannot be avoided. 

^ StortMilng b«gl<is at 



Chart 1 Tho initial onset of ‘heat ri>;or’ on tlie different portions of the hotly 
of the earthworm, Periehaeta megaseolidiuides, (iroto and Uatai. 


In order to bring out more clearly various relations so far 
presented I have given in table 1 the averages of all cases 
which are contained in the above tables together Avith a graph 
based on these Averages. 

From the combined data, as well as from the graphic ilhx.s- 
tration (chart 1), it is clear that the initial onset of the heat 
shortening is considerably different according to the different 
portions taken. Generally speaking, the amount of tempera¬ 
ture required in the different regions diminishes from the 
anterior head end caudad and reaches the minimum at about 
the middle portion of the body; in turn it again rises toward 
the tail and reaches a second maximum at the anal region. 
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Both the lateral and ventral body walls behave similarly 
to the dorsal body wall. As may be noticed, there is another 
axis of the gradient from the dorsal toward the ventral; that 
is, the amount of temperature required gradually diminishes 
along the dorsoventral axis. 

OBSERVATIONS ON THE MARINE ANNELIDS 

During the month of August, 1922, 1 had opportunity to 
carry on a similar investigation at Asamushi, a small mineral 
hot-spring town along Awomori Bay. To my regret, however, 
the facilities for such investigation were very limited and the 
results were not entirely satisfactory; neverthless I have de¬ 
cided to jiresent these for the purpose of comparison: 





Nereis 

yesoemis 






So. 1 


Xo. g 


.V«. 3 








Ihtrmil 

Venlrttl 



Peirrees 


liegrveH 


Pegrees 


A Ulterior 


47.2 


— 


48.0 

47.5 

Middle 

I. 

45.1 


47.0 


47.5 

47.0 

Middle 

II. 

45.0 


— 


48.0 

40.7 

Middle 

ill. 

46.0 


_ 



__ 

Posterior 


40.0 


47.8 


-- 





Ventivcephale osawai 






j\o. 1 

yo. g 

AVi. 5 

A'«. U 

No, 

. 5 







portal 

Venlrul 



JX'irn'es 

INiffreen 

Decrees 


DevreoB 

Deffreet 

Anterior 


47.3 

45.2 

40.2 

48.5 

47.0 

47.0 

Middle 

1. 

43.5 
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The observations made on these two species of marine auue- 


lids suggest that, so far as the present data are concerned, 
the anterior head region requires a much higher temperature 
than either the middle or posterior and there is also tendency 
for the posterior tail portion to require a shade higher tem¬ 
perature than the middle portion of the body. As to the 
dorsoventral gradient, the dorsal requires a higher tempera¬ 
ture than the ventral in Nereis yesoensis, but this is indeter¬ 
minable with certainty in the case of Oeratocephale osawai. 
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It so(‘ins reasonable, however, to conclude tbat so far as the 
licat-shortening gradient along the longitudinal axis of the 
body is concerned these two marine species behave similarly 
to the terricola species of annelids, the earthworms. 

In this connection I refer with great interest to the observa¬ 
tions on tlu‘ cluietopofl annelids by Hj’man and Qaligher in 
regard to i)hysiological activity (’21). These investigators 
found that in both Nereis virens and Nereis vexillosa the 
metabolic rate is high at the anterior and po.sterior ends and 
decr(>ases frt>m both ends to the middle region. Approxi¬ 
mately similar relati(»ns were found in the oxygen consump¬ 
tion of pieces from different levels. The })ossibility of causal 
connection between the metabolic rate and the heat-shorten¬ 
ing gradient is discussed in the subsetjuent i)age8. 

I have made additional observations on another species of 
marine annelids, Laonome jai)otiicus. This species, which 
lives in the chitinous tube, behaves diff'erinitly from all other 
si^ecies so far examined, and I shall now present the results 
of my observations. 


Ijtunntme jtijfon irtm 




.Vo. 1 

.Vo. i’ 

.Vo. 3 

.Vo, 

.4 

AV>. 

R 






r - - -* 


^- 

- 






Jhn’faf 

Vcutm! 

Ihtrml 




lU'ifnMS 

Ib'gTWVS 



Ib'io’f'es 

PeirriMiM 

Devreei 

Anterinr 


40.7 

42.3 

41.0 

40.0 

40.1 

40.0 

41.3 

Middle 

I. 

40.o 

41.3 

40.3 

— 

40.0 

41.0 

41.0 

Midtile 

II. 

:u>.7 

40.2 

— 

38.5 

38.5 

41.0 

— 

posterior 



38.8 

38.5 

40.0 

40.1 

30.4 

38.5 


In Laonome japonicus the phenomenon of the gradient is 
very simple; that is, the amount of heat which is necessary to 
produce onset of the heat shortening gradually diminishes 
along the longitudinal axis of the body cephalocaudally. Fur¬ 
thermore, the dorsoventral differentiation, which is clearly 
demonstrable in earthworms, is totally absent. The signifi¬ 
cance of this unique phenomenon of ‘heat shortening gradient’ 
in this species is not clear, but we know that the laonomes pass 
a sedentary life within the tube while the other species of the 
annelids under consideration move about freely. We are thus 
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temptud to connoct the difference in the phenomenon of gra¬ 
dients with the difference in their habitat. IJsiiiK tins as a 
working hypothesis, it is the wish of the writer to continue 
further investigation in the future. 

PERCENTAGE OF WATER IN DIFFERENT PORTION.S OF THE DODY 

With the hope that the temperature, at wliicli the heat short¬ 
ening is normally proiluced might be altered by altering the 
concentration of the li(]uid medium in which tlu! tissue is 
placed, I have first attempted to detm-mine the content of 
the water in tissues taken from different portions of the body 
of the earthworms. 

For this purpose the body walls alone were used ami the 
alimentary tract ami nerv'ous system were always removed. 
The water content was determined by keejiing the tissue for 
one week in a hot-water oven witli t»*mperature records be¬ 
tween 95° and 100°. The body fluid, which usually adheres to 
the tissue during disseidion, was removed by gently pressing 
the tissue between blotting-papers. The water content was 
estimated in both Perichaeta divergens and 1*. megascolidio- 
ides, and the results are shown in table 2. 
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The percentage of water found in different portions of the 
body varies, though the amount of variation is not very large. 
The greatest difference compared with the other portions of 
the body is noted in the clitellum. This, however, is to be 
expected since the clitellum is largely glandular in nature 
anti its secretory activity varies according to the season as 
well as to the age of the individuals. We arc familiar with 
the fact that under laboratory conditions some individuals 
show glandular activity as can be judged from the color and 
degree of sAvelling, w’hile in others the clitellum becomes 
atrophied and semidried. The water content under such dif¬ 
ferent conditions ought to show larger differences. Such was 
the case with the samples taken in the i)resent investigation 
and we notice that one individual (no. 4) gives a high per¬ 
centage while the rest of the worms give a low degree of 
water content. 

We notice that the jjercentage of w'ater is closely similar in 
these two species of earthworms, and furthermore the simi¬ 
larity becomes more evident when corresponding portions of 
the body are compared. 

Perhaps one of the most significant points w'hich was re¬ 
vealed from the present investigation is that the water con¬ 
tent is least in the anterior head end and greatest in the middle 
portions of the body. 

(Tenerally speaking, the percentage of water increases 
anteroposteriorly and reaches the first maximum in the middle 
of the body, but again decreases and reaches a second mini¬ 
mum in the posterior anal region. 

The percentage of water then shows exactly reverse relation 
to the amount of heat which is necessary to produce the initial 
onset of the heat shortening in the corresponding portions of 
the body. 

So far as the present observations are concerned, we con¬ 
clude that the water content is least in the tissue where the 
highest temperature is needed to produce the initial onset of 
heat shortening, and it is greatest where the lowest tempera¬ 
ture is re(piired for the same purpose. 
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Whether or not these reverse relations just pointed out 
indicate causal connections between these two jihenomena or 
whether these relations are mere coincidences cannot be de¬ 
cided definitely. However, from the facts that the heat short¬ 
ening may be altered by adding different amounts as well as 
different kinds of salts, as the experiments of Moore (’02), 
of Vernon (’99) and of Meigs (’09) have shown, the intimate 
relation between the water content and the heat shortening 
which was found in the earthworm seems high(j’^ probable. I 



have shown these reverse relations in chart 1 based on the 
data which were given in table 2 and have also shown one 
case of the heat shortening which was taken from P. megas- 
colidioides (no. 4) for the pnrpose of comparison. 

In this connection the observation of Vernon is very inter¬ 
esting and I shall therefore allude to his experiment a little 
more in detail. 
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With a view to determining how far the temperatures of 
their onset and ciilmination are capable of being influenced 
by external agencies, Vernon kept the sartorius and gastroc¬ 
nemius of R. tem[)oraria in various strengths of saline solu¬ 
tions for two or three hours previous to testing the tissues 
with a gradually rising heat, ami found that the initial heat 
contraction was considerably atfected. “Thus in 0.6% solu¬ 
tions the temperature of onset was generally about 30°, but 
after keeping,in 0.2 to 0.4% salt solutions, it fell to only a 
little above 20 '. The hyperisotonic solutions, on the other 
hand, generally raised it several degrees above 30°, or in the 
case of the 4'/r solution, even to 45".“ In another series of 
experiments Vernon kept the gastrocnemius in the saline solu¬ 
tions for from twenty-two to twenty-four hours previously. 
The muscles were healed in 0.6 per cent saline instead of the 
saline in which they had been kept, Vernon found that the 
temperature of onset of the initial heat contraction in the 
hypoisotonic solution is 5.6° lower than in the isotonic, while 
in the hyperisotonic solution it is 4.5° higher. 

From the elTects described above of soaking muscles in 
various saline solutions, Vernon thought that the tempera¬ 
ture of heat contraction and of loss of excitability of the 
tissues might depend largely on the amount of solid con¬ 
stituents they contained. After actual tests Vernon came to 
the following conclusion: “Contrary to expectation, the tem¬ 
peratures of onset of heat contraction and of loss of excita¬ 
bility <h) not seem to depend at all on the amount of solid 
constituents in the tissues. Thus the tissues of the grass 
snake lose their excitability at 42.5°, and contain 25% of 
solids, but those of the tortoises lose it at about 46°, and 
contain only 18%. Those of the eel lose it at the same tem¬ 
perature as those of the goldfish, but contain 36% of solids 
as compared with 15%, etc. As a rule, the involuntary muscles 
contained nearly as much solids as the voluntary, but the 
cardiac, muscles about 3% less.’' 

These observations of Vernon are certainly interesting, but 
unfortunately he did not determine the solid content of mus- 
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cles belonging to the same animal in which the amount of 
heat needed to produce onset of initial heat contraction dif¬ 
fered: for instance the gastrocnemius of R. temporaria ac¬ 
cording to Vernon requires 33.11" while the pectoralis major 
of the same animal requires but 28°, and therefore if these 
two kinds of muscles just mentione<l were compared with 
respect to the solid constituents and no difference were found 
then this conclusion would have been more convincing. How¬ 
ever, Vernon compared the solid constituents of animals be¬ 
longing to very widely different animal classes instead of 
comparing the tissues belonging to the same animal, hence 
his statement cannot be accepted in entirety. 

At least my own observations on the earthworm force me to 
a contrary conclusion to that of Vernon; that is, that the 
temperature of the onset of heat contraction is proiiortional 
to the amount of solid constituents which are contained in the 
tissues. 


GENKKAI. REMARKS 

The preceding data show clearly that in the earthworm the 
amount of heat which is necessary to produce the initiad onset 
of heat shortening is different according to different portions 
of the body. The anterior head region recpiires the highe.st, 
the posterior tail region stands next, while the middle por¬ 
tion requires the least amount of heat. A similar gradation 
is shown along the dorsoventral axis; that is, the dorsal ])or- 
tion requires the greatest amount of heat, the ventral the 
lowest, while the lateral portion stands between those two. 
The gradations are regular and orderly and are true not oidy 
in Perichaeta megascolidioides but in several other anne]i<ls 
so far examined with the exception of Laonome japonicus, in 
which species the gradients continuously diminish caudalward 
along the longitudinal axis of body. The gradations along 
the dorsoventral axis were always clear in some of the 
annelids as has been stated alreaily. 

The content of water in the tissue behaves similarly to 
what we have found in regard to the heat reaction, and where 
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tlie greatest amount of heat is required to produce initial 
lieat contraction then it contains the least amount of water 
or the greatest amount of solids and vice versa. Thus we may 
conclude that in the earthworms under consideration the 
amount of heat which is necessary to produce initial onset 
of heat shortening is directly proportional to the amount of 
solid constituents contained in the tissue. 

The true significance of these various phenomena cannot 
he fully revealed until a great many other related facts are 
investigated. One natui*ally inclines to interpret the facts 
by an interesting hypothesis of Child, the ‘metabolic gra¬ 
dients.’ However, T have as yet no direct evidence to prove 
that the present plnuiomenon is causally connected with the 
metabolic activity of the animals. If, however, the so-called 
initial heat contraction was the result of the formation of 
lactic acid, we may corr<>late this heat shortening gradient 
with so-called susceptibility gradients of Child. 

Taylor and Alvarez (’17) found in excised segments from 
(lifTercnt parts of a rabbit intestine that the rhythmic contrac¬ 
tion is accelerated with a temperature rise. This rate is 
greater for tlie sc'gments from the lower bowel than for those 
taken from the u)>per bowel. These investigators conclude 
that the rate of I'Jiythmic contraction is determined by the 
chemical changes taking i>lace in the muscle. It seems con¬ 
ceivable then that one part of the annelid body which under¬ 
goes heat shortening faster than other parts might be due to 
greater chemical changes which are taking place in one part 
than in the other, or in other words, the heat shortening 
gradient is an outward expression of corresponding degree 
of physiological activity. 

Recently Hyman (’16) found that in Aeolosoma the 
metabolic gradient is of the iJrimary type with some indica¬ 
tions of a posterior region of high metabolic rate. But in 
Lumbriculus the high metabolic rate is found both in anterior 
and in posterior portions of the body. Further findings of 
Hyman and her collaborators on the correlation between 
metabolic gradients and eletdrical responses in annelids sug- 
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gest strongly that the heat-shortening gradient wliicli was 
noted is causally connected with the ijhysiological activity of 
the animal since any outward expression of the functional 
activity mijst accompany some sort of morphological or struc¬ 
tural gradients. 

At any rate we must still seek more direct evidence that the 
gradients which were found in the present investigation art; 
related to the gradient in physiological activity of the earth¬ 
worm before the theory of metabolic gradients can be applied 
to the present findings. 

* We, however, note with interest at the present moment 
that the body of the earthworm shows not only a high degree 
of morphological dilferentiation, but as to tlie solid constitu¬ 
ents as well as to the effect of heat the tissues show an ecpially 
high «legree of differentiation. 8ince further investigation 
is actively going on witli a view to determine the functional 
gradients of different portions of the body, 1 reserve a final 
interpretatioji of the facts which were presented in this paper 
to the near futui’e. 
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REPLY TO THE REMARKS OF PROP. WFLHELM 
MICHAELSEN OONOERN1N(} THE PERTCHAETA 
MEGASCOLimOIDES, GOTO AND HATAI, AND 
FURTHER OBSERVATIONS MADE ON THIS 
SPECIES ON THE RELATION OF BODY LENCJTII 
TO THE NUMBER OF SEGMENTS AND OF SETAE 

.SIUNKIKIir HATAI 

ONE PLATE AN!) TWO TEXT PlonBKS 

Since Perichaeta mega8Colidi<)i<k*8 is the name given to a 
single alcoholic specimen which was kept in the Zoological 
Department of the Tokyo Imiierial University, consequently 
many other interesting features of this species were unknown 
at that time (1898). Recently I was very fortunate in being 
able to collect this earthworm in large numbers and was thus 
enabled not only to verify our former studies (’98), but also 
was given an opportunity to observe their behavior in their 
natural habitat. I propose, th<‘refore, in the following pages, 
1) to present the data on some anatomical characters, since 
Professor Michaelsen (’00) questioned the correctness of our 
observations, and, 2) to present some observations made on 
the interesting relations which exist between the body length 
and the number of segments as well as of setae. For con¬ 
venience, I shall quote from our study the chief external 
characteristics of this species. ‘‘A large 8p<;cimen 240 mm. 
long and 15 mm. wide in the thickest portion; number of seg¬ 
ments 118. Number of setae in the spermathecal region 48. 
Clitellum very prominent, xiv-xvi, brow'iiish in color, with a 
chaetal line to each segment, although there are no setae. 
Spermathecal pores 5 pairs, in iv/v-viii/ix, externally invisi¬ 
ble. Male pores in xix, separated by 13 setae, and about 6.5 

2.3 
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mm. apart. Oiu* pair of genital papillae about 0.5 mm. in 
diameter in .segments xvii, xviii, xx, close to the posterior 
borders of the segments. First doi'sal pore in xii/xiii.” 

The Perichaeta megaacolidioides is the largest earthworm 
which 1 have been able so far to find in Japan and is quite 
common in both fields and open plains in the neigliborhood of 
the city of Sendai and is often found even on little-used streets 
of the city after a heavy rain. The worm measures almost 
feet when fully extended and its nimsually slow movement 
adds gracefulness to its size. 

Wh(‘n, however, ]>icked up sjiddenly or when disturbed by 
any means the animal contracts both ends of the hotly strongly 
and remains motionh'ss. Jn this resi)ect the megascolidioides 
behaves totally dilferent from all other perichaetes so far as 
I have observed. When fully contracteil the body measures 
about one-third of its fully e.vtended length. The conti’acted 
woi'm then resembles a baseball bat having, however, two 
enlarged ends. This ])eculiar behavior is shown even in very 
immature specimens whose botlies measure only some two 
or three inches even when fully stretched out, and it enables 
us to identify this spetdes at all stages of life, mature or 
immature, and thus it serves as one of the most desirable 
materials for various researches. 

I'erichaeta megascolidioides thus possesses several char¬ 
acters which serve to distinguish this species from other 
perichaetes; nevertheless, the openings of the male ducts in 
the nineteenth segment place this worm as one of the most 
unique species belonging to the genus Perichaetidae. It was 
this peculiarity which led Michaelsen to question the coi’- 
rectness of our observations and to make the following I'e- 
marks: 

“(liirtel borstenlos, aber mit sichtbaren Borstenzonen, vom 
14-1() Segm. (—3). (Vermeintliche Borstenzone des 15 Sogm. 
ist Tntersegmtf. 14/151 GHirtel vom 14-15 Segm. (—2)]. 
Mannlifihe Poren 5 mm. von einander entfernt, 13 Borsten 
zwischen sich fassend, am 19 Segm. (Misbildung?, oder am 
18 Segm.?). 1 Paar Pubertatspapillen hinten am 17, 18 und 
20 (16, 17 und 19?).” 
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Recently I have collected more than 150 individuals of va¬ 
rious sizes belonging to this species and made careful stxulies 
on eighty well-preserved specimens and on more than fifty 
living worms, some of which are still kept in the laboratoiy 
for the purpose of various physiological inv'estigations. The 
results of the reexamination show that without a single ex¬ 
ception the male ducts open externally iu the nineteenth seg- 
mtent as formerly found and not in the eighteenth segment 
as Michaelsen sus))ects. So far as the genital papillae are 
concerned there are some variations in regard to their posi¬ 
tions as well as their numbers, but the degree of variability 
is astonishingly small when compared with those met with in 
some other species of Perichaetes as, for instance, in the 
Perichaeta hilgendorfi, Michaelsen. Among eighty ]jreser\’^ed 
specimens I have found twelve individuals which showed 
either an excess or deficiency of one or more papillae, but in 
no instances were the male ducts noted opening in other seg¬ 
ments than in the nineteenth. 

The external openings of the male ducts are clearly visil»le 
long before the clitellum becomes visible, and thus in such 
individuals one can count the exact number of the segments 
without any fear of possible indistinctness of the segmental 
markings in this clitellar region in the adult sijecimen. In 
some individuals the clitellum is fairly vv'ell developed and 
the epidermis much swollen, exhibiting already the typical 
brownish color; nevertheless the intersegmental lines arc 
still as distinctlj" presiuit as in much ytuinger sp^imens in 
which the clitellar region is indistinguishable from the rest 
of the body. In such individuals as just mentioned, we find 
most clearly that the clitellum consistt of three segments, 
foiirteenth, fifteenth, and sixteenth, and not of two segments, 
fourteenth and fifteenth, as suspected by Michaelsen, T may 
say that in the Peidchaeta the composition of the clitellum of 
two segments instead of the usual three would be just as ex¬ 
traordinary as the male ducts opening in the nineteenth seg¬ 
ment. Why, then, ^Michaelsen is more desirous to discover a 
perichaetous worm whose clitellum is short of one segment 
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than a Hpocics having the male openings in the nineteenth 
instead of the eighteenth segment, is difficult to imderstand. 

I can present one more evidence tliat the clitellum is made 
up of three segments and not of two segments, from the 
fact tliat the setae which are found on the fourteenth, fifteenth, 
and sixteenth segments, in fairly well-grown specimens, are 
ilefinitely smaller than those fouinl on the rest of the segments 
and remain smaller until these drop otf as the epidermal tisstte 
becomes modified to the typical clitellum. The fact just stated 
also shows that the clitellum is composed of the three seg¬ 
ments as was found earlier. 

T, therefore, conclude that Perichaeta mcgascolidioides pos¬ 
sesses the external openings of the male ducts in the nine¬ 
teenth segment as we have formerly found and the observa¬ 
tions made on more than 100 specimens show decisively that 
this character is neither ‘Misbildung’ nor ‘miscalculation’ of 
the segments as was suspected by Alichaelsen. 

The oviduct opens, as our previous observations show, on 
the fourteenth segments and I have not found even one in¬ 
stance of exception. T may say that since this species pos¬ 
sesses all other characters conforming in every respect with 
those of the genus Perichaetidae it would hardly be justifiable 
to group the present species as a new genus from the fact 
that a single aberrant specimen has the male openings in the 
nineteenth instead of the eighteenth segment. 

Beddard (’95) called attention to the peculiarity of the 
Japanese Perichaetes in which are showm the tendency of 
both the male openings as well as of the spermiducal glands 
to disappear. I have recently collected several thousands of 
earthworms belonging to this genus and was surprised to find 
a disproportionately greater number of cases in which the 
external <»penings of the male ducts are totally absent. Fur¬ 
thermore, a considerably greater number of worms possess 
one unpaired opening in the eighteenth, or one in the eigh¬ 
teenth and another either in the seventeenth or in the nine¬ 
teenth, or even in between the segments xvii/xviii or xviii/xix. 
These peculiarities of the Japanese Perichaetes, as had been 
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noted by Beddard, together with a high degree of variability 
in the openings of the male ducts, which was noted by the 
present writer, would justify us in concluding that the posi¬ 
tion of the external male openings is not so stable a specific 
character, and thus Michaelsen’s preconceiv’cd notion that the 
genus Perichaetidae should (or must) possess the external 
openings of the male ducts in the eighteenth segment must 
be discarded. The present writer is now collecting extensive 
(lata on the variability of the sev'cral cliaracteristics of earth¬ 
worms and therefore will reserve further discussion of this 
question to the near future. 

THE RELATION BETWEEN THE BODY LENGTH AND THE NUMBER 

OF THE HE(LMENTS 

While collecting a large numl)er of the earthworms with the 
intention ultimately to study the distribution of these worms 
in Japan, the present writer attempted to find some earth¬ 
worms which would answer best for the jmrpose of general 
physiological researches. For such investigations the follow¬ 
ing qualifications are important: 1) The animals must be 
easily obtainable; 2) the body must be large enough for 
macroscopical anatomy and most of the organs must be capa¬ 
ble of being isolated without very great difficulty; 3) the 
body must be elastic enough to resist a certain degree of 
pulling; 4) the animal must possess some characteristic f(‘a- 
tures for easy identification, and, finally, 5) the species must 
be capable of identification at all stages of life, mature or 
immature, by a simple inspection. 

There are numerous species of earthworms which answej' 
sev'eral of these qualifications mentioned above, but so far 
as I am aware none, perhaps with the exception of the two 
species, Perichaeta megascolidioides. Goto and Hatai, and 
Perichaeta hupeiensis, Michaelsen, possess all those specified 
features. It is thus the intention of the present writer to 
carry on investigations as minutely as possible on the ana¬ 
tomical characters as well as the histological structures of 
these two species concerned for the purpose of future refer- 
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eiiee. As the first step I have studied the question concerning 
the constancy of the number of segments and of the setae in 
Perichaeta megascolidioides, and the results are presented in 
tlie following pages. 
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^Immature: the elitellum not developed. 

For this purpose eighty individuals altogether, with body 
lengths ranging from 77 mm. to 259 mm., were employed. The 
number of segments corresponding to the body length is shown 
in table 1. 

In order to show the relation between the body length and 
the number of the segments more clearly, I have prepared for 
correlation table 2, based on the data given in table 1. 
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From table 2 we find that the number of segments which 
occur most frequently lies between 116 and 118, as shown in 
fifty-two cases out of eighty, or as much as 65 per cent of 
the total. The cases having the number of segments between 
114-116 or 118-120 follow in the order mentioned. The indi- 

TABLE 2 

Thf' correlation hetu'een the hodi/ hnffth and the numhtr of the segments 
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viiiuals with the number of segments less than 114 are very 
few, but are scattered along a wide range of body lengths. 
It is a noteworthy fact that the cases having as small a num¬ 
ber of segments as 92 to 114 are found among larger adult 
worms rather than among the small immature individuals. 
This fact indicates at once that the smaller number of seg- 
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raoiits is not due to the immaturity of the worms concerned, 
but can best be interpi’eted as individual peculiarities. In¬ 
deed, we actually find small immature worms possessing as 
many segments as the mature worms, whose bodies, however, 
measure three or even four times longer. I have shown in 
figure 1 a graphic representation of the frecpiency distribu¬ 
tion of the number of the segments based on the correlation 
table. 

In this figure we find the relations which were stated in the 
preceding paragraphs more clearly shown, and when we con- 
sid(*r the disproportionate abundance of cases having the 
number of segments between lit) and 118, and particularly 
wiien w<‘ consider that within this highest frequency are in¬ 
volved worms nearlj" all of diffei’ent sizes, we can make no 
other interpretation from the distribution of the fre<iuencie8 
but that the number of the segments is fixed at an early 
stage of life and consecpiently the number of the segments 
does not increase with the increase in body lengtli. 

r have computed the mean values of the number of the 
segments corresponding to the given body length and the 
results are shown in figure 2. 

Despite the greater irregularities of the results on account 
of the small number of observations, it seems clear that there 
is not even a tendency in the number of segments to increase, 
associated with the increase of the body in length. Wo there¬ 
fore arrive from the present results at the same conclusion 
as before, that the number of the segments is early fixed and 
that the growth of the earthworm is accomplished by a i)a88ive 
elongation and not by the addition of newly formed segments. 
How universal the present conclusion will be when extended 
to other species of earthworms would b(‘ an interesting point 
to determine. 

From the mean values already given we find that the aver¬ 
age of the number of the segments is 116 and therefore the 
number of segments given by the original specimen comes 
close to this average value. (It was found to be 118.) 
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Fig. 1 Frequency distribution of the number of the segments. 
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One may question whether the fewer number of segments 
in some individuals may not have been caused either by the 
accidental loss of the posterior end or by an imperfect re¬ 
generation of the lost segments. Jt is, of course, conceivable 
that such might be one factor of the variabilities, but when 
one examines the external featiu’cs of this species carefully 
such a conception becomes less probable for the following 
reasons. 

The body of the worm exbibils a higher degree of symmetry 
and regularity than might be noticed by some casual ob- 
ser\'(*rs. In the preserved specimens we notice that the width 
of the segments along the longitudinal axis of the body grad¬ 
ually narrows posteriorly, but at the same time the thickness 
of the body becomes greater from the middle y)art toward the 
posterior end. This thickness of the body reaches a maximum 
at th(! neighborhood of the anus or more i)recisely some fif¬ 
teen or twenty segments in front of the anus. From this 
i-egion caudally the thickness of the body steadily but not 
abru]»tly diminishes, tapering gradually toward the anus. 
Among preserved specimens I have noted sev’eral worms, 
however, which lack this sort of harmonious conformity, and 
the tail end possesses segments which in form are nearly the 
same as those taken from the middle part of tlie body without 
showing either the characteristic enlargement of the body 
toward and near the posterior end or the gradual narrowing 
of the rings. These individuals are certainly abnormal or 
most likely these are worms whose posterior j)art had been 
lost. These specimens w'ere therefore discanled from the 
«lata presented here. But however short the length of the 
body or however few the number of segments, so long as th(f 
body of the worms showed symmetrical aiid harmonious con¬ 
formity, as stated above, they were included among the nor¬ 
mal specimens. It seems imi)robable that a worm whose 
organization is so complex and whose bodily features are so 
symmetrical and harmonious as the earthworm, can ever re¬ 
duce its former regularity to an unrecognizable extent by a 
simi)le regeneration. So far as my rather limited experience 
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goes, oven with the Allolobophora, whose t)ody is well known 
as possessing the wonderful power of regoTieration, it is 
not a difficult matter to recognize the point at which either 
the new tail or the head end was reproduced. 



THK NUMBER OF ‘<ETAE ON EACH SEGMENT 

The number of setae which arc found on the surface of the 
body were counted by numerous investigators, and wci’c as¬ 
sumed by some, as it is one of the important characteristics 
for differentiation of the species. Most investigators, how¬ 
ever, were contented to count the number of setae in a few 
segments only; that is, those found in three or four anterior 
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segments or in one or two segments in the middle of the body. 
The segments chosen for this purpose were not the same but 
each investigator selected them according to his own con¬ 
venience. Bourne (Beddard, ’95) used the segments v, ix, 
and XXV (the latter segments serving as a type for the rest 
of the body), while Beddard (’95) selected segments ii, vi, xii, 
and xxvi. Beddard counted the number of setae on the an¬ 
terior segments of the six different species of Perichaetes 
and demonstrated the wider differences according to the spe¬ 
cies concerned in the number of setae in corresponding 
segments. 

So far as I am aware, no investigators ever took the trouble 
to count the total number of setae in all the segments through¬ 
out the entire length of the body, and we do not yet know 
with certainty the numerical relations of setae in each seg¬ 
ment. Bourne’s assumption that segment xxv is a type for 
the rest of the body can only be accepted after such enumera¬ 
tion on all the segments has been made at least upon several 
species. This tedious investigation has been carried out by 
the present writer with the additional intention of obtaining 
data as to the question of an early completeness of other ana¬ 
tomical characters. 

I have counted the number,of setae on five individuals, 
whose body lengths after preservation in formalin measure 
77, 79, 168, 230, and 250 mm., respectively, so the samples 
here chosen will represent practically the smallest which can 
be found ordinarily and also the largest specimens which are 
usually obtainable. The results of the counts are given in 
table 3. 

In order to show the relations more clearly I have plotted 
the number of setae on the corresponding segments and the 
results are shown in figure 3. The curves are badly crowded, 
but I believe the extent of variability, the increase in the num¬ 
ber of setae toward the middle of the body and their decrease 
toward the anal segments, and high individual variations are 
letter brought out in this chart than by merely glancing at 
the tabic. From both the table and the chart we notice the 
following points: 
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1. The number of setae increases steadily from the second 
segment up to about the twenty-fifth segment, from which it 
remains generally constant up to about the hundredth seg¬ 
ment. Posterior to this region just stated, the number of 
setae begins to diminish very steadily and is totally absent in 
the remaining last few se^ents. 

2. The number of setae on the corresponding segments 
differs according to the individuals, but the differences are not 
so large as might be anticipated. The number of setae varies 
within the individual from segment to segment, yet when the 
averages which were taken from several consecutive segments 
are compared with each other the results are closely similar, 
with of course exceptions of the anterior as well as posterior 
segments in which region the number of setae is very small. 
It seems desirable, therefore, or is rather necessary to count 
the number of setae in several consecutive segments when 
one intends to compare in several species the character con¬ 
cerned. 

3. The setae on the clitellar segments are present in the 
younger and immature worms, but are entirely absent in the 
adults. 

4. The setae which are found in the anterior preclitellar 
segments and those in the posterior anal region are larger 
and longer than those in the rest of the segments. Further¬ 
more, the setae on the ventral surface appear to be slightly 
stouter than those found on the dorsal surface. 

The total number of setae which are found in each indi¬ 
vidual are closely similar, as will be seen from the following 
relation: 

Body length. 77 mm. 79 mm. 168 mm. 230 mm. 250 mm. 

Total number of setae... 8280 8536 8355 8632 8359 

The above values were obtained by subtracting for the 
younger specimens the number of setae which are found in 
xiv, XV, and xvi segments (clitellnm); that is 202 setae from 
77 mm., 220 setae from 79 mm., and 206 setae from 168 mm. 
I have also added.836 setae in the place of the ten missing 
segments in the worm 168 mm. long. These values were 




TABLE 3 

The number of setae in each segment in five individuals having widely different body lengths 
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found by adding ten segments to the average number between 
the anterior as well as the posterior five segments counting 
from the missing region. The final averages of the five indi¬ 
viduals give 8432 setae or approximately 8500 setae per in¬ 
dividual. 

We find from the above that so far as the present observa¬ 
tions are concerned there is no indication of increase in the 
number of setae associated with the growth of body. 
Although the smallest individual (77 mm.) happened to give 
the least number of setae (8280) at the same time another 
individual measuring but 79 mm. gives a far greater number 
of setae (8536) than the largest worm (250 mm.) which gives 
8359. If we arrange these worms according to the numerical 
superiority of the setae we obtain the following relation: 

Body length . 77 nun. 168 mm. 250 mm. 79 mm. 280 mm. 

Total number of setae . 8260 8355 8359 8536 8632 

From the above relations we will be justified in concluding 
that the number of setae in the Perichaeta megascolidioides 
is fixed at an early stage of life and no new additions are 
probably made during subsequent growth of the body. The 
variations here noted, therefore, can be considered as ‘indi¬ 
vidual,’ and thus within this narrow limit we may conclude 
that the number of setae is constant. 

We have, then, in this species of the earthworm at least, 
two anatomical characters, the number of segments and the 
number of setae, which show early completion, and there is a 
high degree of probability that these characters are constant 
within the narrow range of individual variation. This fact 
just found will materially simplify the interpretation when¬ 
ever the problems are concerned with the segments or with 
the setae of this species. 
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PLATE 1 

EXPLANATION OP PIOURE 

3 The number of setae on each segment throughout the entire length of the 
body of Perichaeta megascolidioides^ Goto and Hatai. 
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DE NOVA ASARI SPECIE EX JAPONIA AUSTRAL! 


TOKUTABO ITO 

CUM TABULA 1 


ASARUM rUDSINOI (T. Ito, species nova) 

Species A. maximo Hemsl. proxima, diflert calyce intns 
reticulate non transversim multiplicato; etiam A. macrantho 
Hook, fil., similis, recedit lobis perianthii non valde undulatis, 
tubo intus non multiplicato et positioni stigmatis. 

Herba robusta, fere undique glabra, perennis, rhizomate 
repente, fibris radicalibus crassis; internodiis abbreviatis. 
Folia 1 vel 2-3, ampla, longisaime petiolata, ovato-cordata 
vel cordata, ad apicem attenuata, absque petiolo .fere 20 cm. 
longa, 13 cm. lata, subcoriacea, obtusa vel subacuta, integra vel 
leviter subundulata, lobis latis rotundatis, saepe imbricatis, 
venis primariis 5 vel 7 crassis; folia pauca secondaria minora, 
lanceolato-vel ovato-cordata vel cordata obtusa. Petiolus 30 
cm. longus, crassus, subcarnosus, fere teres. Flores 1-3, sub- 
declinati, “extus luteoviridescentes, intus rubro-purpurei” 
(e Fudsino in litt.), 3^-5 cm. diametro, breviter pcdunculati, 
pedunculo bracteato, bracteis 3, ovatis, subacutis, li-2i cm. 
longis; perianthium subaequaliter trilobatum, lobis fere 1^ 
cm. longis latisque, late ovatis vel subdeltoideis obtusis planis 
divergentibus, tubo intus elevato-reticulato; antherae sub- 
sessiles, imiformes, oblongae, minute appendiculatae, appen- 
diculum membranaceum obtusum. Ovarium latum, basi sub- 
sessile. Styli stamina superantes, crassi, biolobati, stigmate 
ovato dorsali. 
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Japonice: Ftidsino Kan-awoi (mihi) 

Hab. in Japonia australi: in vallibus montanis prope por- 
turn Naze, insulae Amami-Oshima, cl. K. Fudsino (3 Novem- 
bris, 1906, steril. et 5 Januarii, 1907, florens) legit et adum- 
brationcm plantae florentis cum figuris analyticis misit. 
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EXPLICATIO TABULA 1 
Agarum Fudsinoi T. Ito 

1 Ha])itug. Magn. nat. 

2 FIoh cum pcrianthio longitudlnaliter liggo et androocium gymnoeciumque 
exhibentur. 

3 Androecium ct gymnoecium. 

4 Ajith«ra a ventre. 

5 Eadeui a dorgo. 

d Stylus et stigma. 

7 Bracton. 
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METABOLIC ACTIVITIES OP THE NERVOUS 

SYSTEM 

V. 3. ON THE RKOULAll SEASONAL OHANOES IN THE RELATIVE 
WEIGHT AND THE SEX DIKEEREM'E OF THE CENTRAL 
NERVOUS SVSTEM OF RANA NIGKOMACULATA 

SHIOEVUKl KOMINE 
INTRODUCTION 

The iiotential growth energy of each organism is charac¬ 
teristically the same for a given species. The human brain 
attains about 1350 grams, while that of the frog reaches 0.2 
gram. The potential growth energy of the human brain is, 
therefore, 1350 grams aiul that of the frog 0.2 gram. 

For the sake of convenience, this potential energy is called 
‘growth energy.’ The growth energy inborn with the germ 
cell of an animal takes in the nutriments to construct its own 
•body and to attain its maximum development. The maximum 
development of a grown animal is, therefore, to be regarded 
as an index for the measurement of the said energy. In the 
actual life, however, a part of the nutriment is transformed 
to kinetic energy and the nist to the material substratum 
deposited in the cell body to form gradually and progressively 
the mature organism. 

For the thorough undcrstamling of the above luocess the 
study of cell elements, chemical contituents, and the weights 
of the various organs in successive stages of <levelopment is 
of vital importance. It is for this reason that a number of 
valuable investigations have been carried out on this line, 
particularly by Donaldson (The nervous system of the Ameri¬ 
can leopard frog, Rana pipiens, compared with that of Euro¬ 
pean frogs, Rana esculcnta and Rana temporaria (’08); On 
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a formula for <letormiiiing the weight of the central nervous 
system of the frog from the weight and length of its entire 
bo<ly (’02); On the regular seasonal changes in the relative 
weight of tlie central nervous system of the leopard frog 
(’ll)), and by Donaldson and Shoemaker (Observations on 
the weight and length of the central nervous system, and 
of the legs in frogs of different sizes (’00)) and by Snell (Die 
Abhangigkeit des Hirngewichtes von dem Korpergewieht 
und den geistigen Fahigkeiten (’92)), and by Dubois (Die 
Abhangigkeit des Hirngewichtes von der Korpergrbsse bei 
den Saugethieren (’92)). Following the jdan and methods 
of Donaldson’s work, I have attempted to carry out a similar 
study in the hope of finding the difference in the central nerv¬ 
ous system uiuler varied conditions, such as locality, food, 
und climate. 

An attempt has also been made to determine the sex differ¬ 
ence in the weight of the central nervous system. 

EXPLANATION OF TUB imMULA FOR THE DETERMINATION OP 
THE WEIGHT OF THE CENTRAL NERVOUS SYSTEM OF THE PROG 
FROM THE WEIGHT AND LENGTH OP ITS ENTIRE BODY 

As J have adopted Donaldson’s formula for determining 
the weight of the central nervous system of the frog from 
the weight and length of its entire body, it will be found con¬ 
venient to give an explanation of it before discussing my own 
■work. Donaldson is the first to figure out the formula show¬ 
ing the relationship between the weight of the central nervous 
system and the combined total length and the body weight. 
It seemed to him that the weights of the central nervous 
system arranged according to the body weight were so related 
as to suggest a logarithmic curve. Donaldson tried to form 
a curve depending on the logarithms of the body weights. To 
raise these logarithms to the value of the observed weights 
of the central nervous system they must be multiplied by a 
constant factor. It was found that the factor which gave a 
correct value for the smallest frog was too small for all pf 
the succeeding cases, the resulting numbers falling more and 
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more below the observed numbers as the frog became larger. 
In order to make the curve based on the calculated weights 
fit with that based on the w'eights observed, a second factor 
was needed, the value of which should steadily increase with 
the body weight of the frog, which increases rather rapidly 
at first and more slowly later. The unmodified lengths 
showed, however, too rapid an increase in the course of the 
series, but various trials revealed that the fourth root of the 
lengths gave a set of numbers w'hich couhl be satisfactorily 
used. It was found that the number obtained by multiplying 
the logarithm of the body weight by the fourth root of the 
length of the body was always nearly a constant fraction of 
the observed weight of the central nervous system. 

In the case of the bullfrog the fraction thus obtained was 
one-thirtieth of the observed w-eight, while in the case of the 
leopard frog it was one-twenty-eighth. It could, therefore, 
be made equal to the observed weight by multiplying it by a 
constant factor having the value of the denominator of tlx* 
fraction. Thus the formula biwame as follows: 

Weight O.N.S. - (lA)g W > V » <’• 

In the above formula the weight of ‘C.N.S.,’ central nervous 
system, is calculated in milligrams; ‘W,’ the weight of the 
body, is in grams; ‘L,’ the total length of the body, is in 
millimeters, and ‘0,’ the constant, is the sum necessary to 
raise the product of these factors t(> the observed w'eight. 

TEUHNlqUK 

The material used was the Japanese frog, Kana nigro- 
maculata, and the technique throughout the course of the 
research was essentially uniform. Progs w’ere obtained from 
brooks and rivulets wliich run into the Arakawa River, in 
Tokyo-fu. These were transported to a little pond 72 sq.ft, 
in area belonging to the laboratory and supplied with the 
weeds and insects. After the frogs were adapted to the new 
surroundings they were subjected to successive investigations. 
Previous to winter, in which the water was apt to freeze, they 
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were caught and buried under ground with earth from rice 
fields, and were kept in the same condition as in their natural 
life. 

The examinations were performed regularly in the latter 
part of the month in order to obtain uniform results. The 
frogs were kept moist for several hours before dissection. 
They were killwl with ether and the body weight (Bd.W.) 
taken to the nearest 0.1 gram. The frog was next either sus¬ 
pended or laid flat on its abdomen, with the legs fully ex¬ 
tended, and the distance from the tip of the nose to the tip 
of the longest toe taken with jointed calipers and then com¬ 
puted to the nearest millimeter (total length). While in the 
ventral position the long axis of the head was brought in line 
with that of the body by raising the head with a small wooden 
wedge, and the distance from the tip of the nose to the tip 
of urostyle—the cartilaginous end of which was exT)08ed by 
a slit through the skin—was measured and read to the nearest 
0.1 mm. (body length). 

The frog was then placed on its back, opened, and all the 
viscera were removed. At this time any necessary correction 
in body weight was made by subtracting from the initial 
weight the weight of the ova or of the undigested food dis¬ 
tending the stomach. These were the only corrections made 
to the body weight. The body w'eights of females are always 
given without the ova. Then the brain was expose<l through 
its entire length and the 8i)inal cord exposed as far down 
as the third nex*ve. With spring compasses the length of 
the brain from the tip of the olfactory bulbs to a point midway 
between the tip of the calamus scriptorius and the level of 
the second nerve was taken and was recorded to the nearest 
0.1 mm. (brain length). The olfactory nerves were next cut 
through with very fine scissors, and in the same manner a 
section was made at the level of the second nerve. The brain 
was carefully taken out without the choroid plexus and the 
attached nerve roots were severed as close to the brain as 
possible. 
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If the hypophysis was still attached to the brain, it was 
removed and the remaining mass at once placed in a closed 
weighing bottle and weighe<l to the nearest 0.1 mg. (brain 
weight). 

The spinal cord was exposed through its entire length and 
the conus just eaudad to the ninth nerve laid hare. With 
spring compasses the length from this point to the place 
at which the cord had been severed from the brain was meas¬ 
ured and recorded to the nearest 0.1 ram. (cord length). The 
cord was then taken with fine forceps just below the conus 
and raiseil so that the nerves could be clipped close to the 
cord. The mass of cord thus deprived of nerves was yilaced 
in a closed w’eighing bottle and at once weighed to the near¬ 
est 0.1 mg. (cord weight). 

The central nervous system was then dried at 90 to 95"'0. 
for a week and reweighed. 

Data observed and calculated accordhuf to Donaldson's 

formida 

As is shown in table 1, the observed and tlus ealculated 
weights of the central nervous system are the same through 
four seasons of a year, both being 104. In Donaldson’s in¬ 
vestigation (’ll) both the olKserved and calculated weights of 
the central nervous system of the leopard frog were 14G, 
while the observed and calculated weights of the bullfrog 
showed a .slight deviation, being 212 and 211, respeetively. 
The leopard frog, when comyiared with the bullfrog, is less 
in weight, smaller in size, and relatively longer in body length 
in much the same proyiortion as Rana nigromaculata. This 
appears to be the reason why the observed and calculated 
weights of the central nervous system of Rana nigromaculata 
are identical with those of the leopard frog. Although a 
slight deviation is found between the observed and calculated 
weights of the central nervous system of the bullfrog, it rep¬ 
resents only 0.4 per cent and should be regarded as almost 
insignificant. Prom what has been shown by Donaldson and 
from what W’e have obtained from the Japanese frog, Rana 



TABLE 1 

Containing eighty eight records of Sana nigromaculata which are arranged ac¬ 
cording to ascending order of their body weights,. In this table is included 
the percentage deviation of the calculated from the observed weights of the 
central nervous systemt the observed values being taken as the standard 
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9.0 
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65 
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17.0 
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nigromaculata, it must be admitted that Donaldson’s formula 
expresses most accurately the relationship existing between 
the weight of the central nervous system on the one hand and 
the body weight and the total length on the other. If the 
constant (’ is adecpiately modified, this formula is available 

TABLE 2 

Weiffht of the central nervous system in grams 



BODY 

wKumr 

WEIGHT OE 
CKNTRAb 
NBKvors 
8YMTRM 

TOTAL 

LENGTHS 

ORHRKVER 

NrMREK 

or 

FROGS 



gmm 

mm. 



K. pipiens . 

14.9 

.1040 

146 

Donaldson 

3 


23.2 

.1256 

171 

Donaldson 

3 


39.8 

.146.3 

183 

Donaldson 

3 


43.2 

.1674 

198 

Donaldson 

3 

K. csculcntu . 

15.9 

.0890 

130 

Donaldson 

3 


22.6 

.1142 

1«4 

Donaldson 

3 


35.0 

.1402 

176 

Donaldson 

3 


40.2 

.1498 

193 

Donaldson 

3 

R. temporaria . 

15.9 

.0929 

149 

Donaldson 

3 


23.1 

.1108 

167 

Donaldson 

3 


28.0 

.1213 

173 

Donaldson 

3 


31.3 

.1323 

176 

Donaldson 

3 

R. uigromaculata. 

. 12.3 

.0883 

129 

Komine 

23 


17.4 

.1032 

139 

Komino 

36 


23.8 

.1135 

152 

Komine 

23 


32.0 

.1292 

165 

Komine 

4 


45.9 

.1570 

179 

Komine 

2 

- — — . 


-- 

— — 

— — __ 

^ . _ 


not only for American frogs, but also for Japanese as well as 
for European species. 

In order to show the weight relations of the central nervous 
system found in the four different species of frogs I have 
made table 2, based on the records given in table 1, and have 
also included data on B. pipiens, R. esculenta, and R. tem- 
poraria, values which were determined by Donaldson (’01). 
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The relations which are shown in table 2 are better brought 
out in chart 1. 

The curves run nearly parallel in spite of the difference of 
locality and species. It will be noted that the Bana pipiens of 
America is greater in the weight of the central nervous system 



Chart 1 Showing the weight of the entire? eentral nervous system of four 
different species of frogs on their respective body weights. 
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when compared with thoae found in the Hana nigromaculata 
of Japan, Bana esculenta and Bana temporaria of £urope, 
while those of tlie latter three species are very close to one 
another. The reader’s attention is called also to the fact that 
the Bana nigromaculata shows a greater weight of the central 
nervous system in its early stage of development than do 
Bana esculenta aiul B. temporaria. 


TABLE :i 
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3 
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12 

3 

3 
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25 

25.2 
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13 

o 

2 
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31 
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of 

seasonal changes in the. 

weight 
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nervous system 


The value of the constant in each month is given in table 3. 

In table 4 are given the data on the body weight, total 
length, body length, the weight of the brain and cord, together 
with the data on the percentage of water in both brain and 
cord. 

In order to get a sufficient insight into the relationship exist¬ 
ing between the growth of the central nervous system and 
climate, the value of the various series (including Donaldson’s 
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investigations on frogs of Ziirich and Liverpool, 1908, and 
on those of Chicago, Minnesota, and Brandywin»* in each suc¬ 
ceeding month) is shown in table 5 and their graidis in chart 2. 

From what can be seen in the chart, it is apparent that there 
exist rhythmic seasonal changes in the growth of the central 
nervous system of Rana nigromaculata as is the case in the 
other series. Roughly speaking, all series show the maximum 
relative weight of the central nervous system to be in the 
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143.0 
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84.5 
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n.o 
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3 

8 
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140.0 
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0.0730 

13.5 

81.4 

0.0.354 

14.0 
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41 44 


summer, the minimum in the winter, and interme<liate in the 
spring and autumn. 

The highest value of the constant is found in the Minnesota 
series followed by the Chicago, Brainlywine, and Japanese 
in order. The European aeries allow tlie lowest value of the 
constant. The Brandywine series and the Japanese are the 
closest with regard to the v'alue of the constant, only differing 
in that the former attains its maximum in May ami the latter 
in July. The Minnesota and (-hicago series show the maxi- 
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mum value of the constant in June and July, being similar 
to the Japanese series in this respect. It will be seen from 
the above that even the same species show different modes 
of development according to the surrounding conditions. 



Ctiart 2 Sliowiiig the value of the constant of all tlie groups according to 
locality and season. K. esculeuta X, K. leiiipornria O. 


The fact that the American frogs show the highest value 
of the constant, the Japanese midway, and the European the 
lowest may partly be due to the difference of species, but it 
must be chiefly accounted for by the difference of climate, 
location, and food. 
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The values ef the constant of the various scries are tabu¬ 


lated as follows: 

Cfiicago . 24.7 

Brandywine. 24.0 

Minnesot-a . 28.1 

Zorich . 23.8 

Liverjwol . 22.8 

Japan . 24.0 



Cliiirt 3 ShuwinK the Hex difference in the weight of the brain according to 
body length. Male.-, Female-. 

The values of the constant for each species of frogs are 


shown in the following table: 

r. 

Kaiia pipiens . 27.6 

Rana esculenta . 23.8 

Bana temporaria . 22.8 

Rana nigromaculata . 24.0 
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The difference in the weight of the central ncrvoutt system 

according to sex 

In order to find out whether or not tlicre is any difference 
in the weight of the brain between sexes I liave plotted tlie 
weights of the brain for each according to the total length 



4 Rhowini; the sex (liffereii<*e in the w<*ij^ht tlie hrniii on liody weij|;ht. 
Male,-. Feninle,-. 

and body weight in charts .‘1 and 4, respectively, based on 
the data given in table 6. 

The evidence that there exists a sex difference in the w’eight 
of the brain has further lieen confirmed by the value of the 
constant arranged according to the month of a year. The 
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facts just stated are well shown in chart 5 from values which 
are given in table 7. 

It will be noted here that the curve of the constant for the 
male runs in general above that of the female, the avei’age 
constant for the male being 24.4 and that for the female 23.7. 
I’lie female constant for March is an exception from this gen- 

TABLE 0 

The data im the weights of brain and hody^ and of body length according to sex. 
This table was derived from table I 


r-- 

... - 

/- -- 

- -k 

«KX 

NeMKKU 

Wolff ht 

Li^nffth 


(!al<‘ulaied 



ymmi* 

mm. 

(/non 

otHtm 



10.0 

123. 

.0776 

.0796 

Mjile 

5 

11.3 

133. 

.0840 

.0844 

Male 

5 

13.2 

131. 

.0902 

.0908 

Female 

5 

13.4 

129. 

.0934 

.0920 

Mn le 

5 

14.7 

135. 

.1006 

.0960 

Male 

5 

15,9 

139, 

.1038 

.0990 

Male 

5 

16.1 

140. 

.0990 

.0986 

Female 

5 

17.0 

135. 

.1016 

.1006 

Ma le 

5 

18.1 

136. 

.0970 

.1046 

Female 

5 

18.1 

137. 

.1030 

.1034 

Male 

5 

18.9 

141. 

,1106 

.1056 

Female 

5 

19.5 

145. 

.1124 

.1076 

Male 

5 

20.7 

147. 

.1108 

.1106 

Female 

5 

22.4 

151. 

.1152 

.1136 

Female 

5 

25,5 

150. 

.1162 

.1174 

Female 

5 

25.9 

152. 

.1183 

.1186 

Male 

3 

27.4 

159. 

.1100 

.1216 

Female 

5 

37.8 

171. 

.1418 

.1368 

Female 

5 
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oral rule, since it is strikingly higher than that of the male. 
This fact seems to me to offer something very signiBcant with 
regard to the sexual activities of the frog. To avoid experi¬ 
mental error, I have repeated the work for March a second 
time and have obtained the same result. Here it has been 
found that the rapid rise of the constant for the female takes 
place within one week between the middle and the end of the 
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month. This period corresponds with this ovulation of the 
frog. It is, therefore, probable that the marked irregularity 
of the female constant for March is due to reproduction on 
the part of the female. 

However, as to the manner in which this phenf)menon occurs 
I have as yet a very indefinite conception. 



Chart 5 Showing the curve of tlie constant in tlie course of a year for both 
sexes. Male,-, Female,-. 


In the literature on the subject one finds but few attempts 
at discovering the sex difference of the central nervous system 
in the lower organisms. Hatai found the water content of the 
central nervous system of a gray snapper (Neomaenis 
griseus) to be 77.4 per cent for the male and 78.1 per cent 
for the female (^18). In my present study the male frog 
showed 84 per cent of water and the female 84.5 per cent, tlie 
result being strikingly similar to that of the above worker. 

The sex difference may thus be found not only in the frog, 
but also in other organisms phylogenetically lower in station. 


SOrtNOX XKPOSTS, rorSTH SKRIEM, BIOI.,OaT, VOL. I, NO. 1 
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SEASONAL (GANGES AND HEX DIEKEBENCE IN THE NON-PBOTEIN 
NITBOGEN OF THE CENTBAL NEBVOU8 SYSTEM 

In a study of the amount of non-protein nitrogen in the 
central nervous system of the normal albino rat (’18) Hatai 
concluded: ‘ ‘ The number of milligrams of non-protein nitro- 

TABLK 7 

Showing the value of the conniant in the two nexen 


WATEK PER CENT OF 


HATE 


HEX AND NCMBKIl 
OF TESTS 

VAl.CK OF 
0>NSTANT 
IN THE 

HUA1N AND 
mt'fH 

CORD ( 
SEX ES 




TWt) SKXF>; 

Hraii) 

Cord 

Janunry 

27 

Female 3 

22 4 

84.6 

80.2 



Male 2 

24.5 

84.0 

80.4 

February 

22 

Female 2 

22.7 





Mule 3 

22.9 



Mtirfli 

29 

Female 2 

24.0 

83.5 

79.0 



Male 3 

23.0 

83.7 

79.8 

April 

20 

Female 2 

21.8 

84.1 

80.2 



Male 3 

24.8 

84.0 

80.4 

May 

24 

Female 3 

24.4 

85.0 

80.3 



Male 2 

23.9 

84.2 

80.5 

June 

20 

Female 3 

24.4 

84.8 

80.0 



Male 3 

24.6 

83.5 

79.8 

July 

20 

Female 8 

25.4 

84.2 

80.0 


31 

Male 7 

26.1 

84.2 

79.5 

August 

2r» 

Female 

24.2 

84.4 

81.4 


31 

Male 7 

25.2 

84.3 

80.5 

September 

20 

Female 8 

23.2 

84.4 

80.6 



Male 3 

24.8 

84.3 

80.4 

October 

21 

Female 4 

23.2 

84.4 

80.2 



Male 5 

23.6 

83.8 

79.9 

November 

30 

Female 3 

22.2 

84.6 

80.2 



Male 3 

23.6 

84.4 

80.2 

December 

24 

Female 2 

23.3 

84.6 

79.9 



Mule 2 

23.7 

83.6 

80.2 

Average 


Female 

23..5 

84.5 

80.2 



Male 

24.2 

84.0 

80.2 


gen per gram of solid decreases rapidly in the course of the 
first fifteen days of life. After the fifteenth day, tjie. approxi¬ 
mate time when myelin appears, and up to about one hundred 
and twenty days, the rate of decrease becomes much slower. 
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After one hundred and twenty days the change is hardly 
noticeable.” In a similar study on the metabolic activities 
of the central nervous system of the albino rat the same author 
noted that the water content decreases with increase of age 
with an opposite effect on the amount of solids. These studies 
point to the necessity for a knowledge of the age of the ma¬ 
terial in a metabolic study of the central jiervous system. 
Although the exact age of the frog is unknown, T have carried 
out the examination because of the fact that the frogs do 
not show a noticeable difference of water content according 
to the age. It is, therefore, to be pre.sumed that the progress 

TABI-E 8 

Showing the seasonal changes and stjr difference in th ' ami>unt of non grotcin 

nitrogen 


8EA80N 

NlMBKIt 

OR TRMT 

NON- r*K» »TKI N NITROO KN 
I'KIt HXl (JKAM OF JIKAIN 

Spring 

3 

mum. 

1812 

SuiiiDicr 

♦» 

17(5 

Autumn 

«> 

1(54 

Winter 

o 

llKi 


of age does not interfere to a noticeable degree with the 
amount of non-protein. 

The method of the examination is essentially the same as 
was used in the first and second rey)orts of my study. The 
results are shown in table 8. 

The amount (»f the non-protein nitrogen is, thus, highest in 
the winter and decreases gradually through the course of the 
year, and finally reaches its minimum in the autumn. This 
is further evidence of seasonal changes in the metabolic ac¬ 
tivities of the central nervous system. The highest amount 
of .the non-protein nitrogen in the winter is presumed to have 
a direct bearing on the process of hibernation. The non¬ 
protein nitrogen seems to decrease in the following B<*a8ons 
owing to the active metabolic and assimilatory process on the 
part of the nervous system. 
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The interpretation has further been confirmed by the fol¬ 
lowing experiment. 

Frogs artificially awakened from hibernation by placing 
them in warm water of 30”0. begin active movements—swim¬ 
ming, embracing, croaking, etc. 

These frogs were subjected to the same metabolic studies 
first, every half-hour and later every hour. The results are 
given in table 9. The non-protein nitrogen in the test animal 
is decidedly lower than that in the control. The duration of 

TABLE 9 

The amount of non protein nitrogen in the central nervous system during 
hibernation and during activity 


NON-PROTRIN NTTROtSEN PER 10l» GRAM OP BKAIM 


111 control 

In tofitfl 

Tline after 

(hlbornatinff) 

( after awakentnir) 

awakening 

mg. 

mg. 


17« 1 

1 \ 

30 tninntefl 


m 

1 hour 


164 

1 hour and 30 ininuteH 


153 1 

I 2 houpH 

1 

16H 

2 houPH and 30 minuteH 


155 i 

3 hours 


167 

4 lioiirs 


146 

6 hours 

i 

158 (averaije) j 



the time in which the frogs remain does not seem to influence 
the amount of proportionate decrease. The intensity of the 
amount of decrease seems to depend more on the character 
of the stimulation than on its duration (cf. the second part 
of my study). 

As to the sex difference in the amount of non-protein nitro¬ 
gen, the data on hand at present are too meager to allow 
any definite conclusion. 

However, I have found in the frogs which were examined 
during the months of spring that while the female shows 184 
mg. per 100 grams of brain, the male brain presents the lower 
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value of 181. It would be desirable to follow up the seasonal 
changes in both males and females, but being unable to do so 
in the present study I am now attempting further inves¬ 
tigation. 

BIOLOGICAL INTEHFRETATION OP THE SEASONAL CHANC.ES IN 
THE RELATIVE WEIGHT OP THE CENTRAIi NERVOUS SYSTEM 
AND THE DIPPERENCE OP METABOLIC ACTIVITIES IN BOTH 
SEXES 

As the frog grows larger the nervous system increases in 
weight. The increase in weight is due to the enlargement of 
the cell elements which are always present in the system. In 
the case of neurones already developed, the enlargement 
means an increase in the volume of the cell bodies, in the 
number and size of the dendrites, and in the length and diam¬ 
eter of the axone and its medullary sheath. In the case of 
the undeveloped neurones, it means a rather rapid acquisition 
of the branches and medullary sheath, to be followed by the 
slower changes just described above. In the process of growth 
the colloid substance imported with the cell body and assimi¬ 
lated increases the volume of solids, the consequence being 
a decrease of the water content. Thus the amount of water 
contained in a system is indicative of the growing process of 
the same organ. It is a fact, proved by Donaldson and 
others, that in the central nervous system the water content 
decreases ivith the growth of the organ. 

I have found that the water content of the central nervous 
system of Rana nigromaculata increases in the summer and 
decreases in the spring. 

This can also be seen in the table of Donaldson’s study on 
the seasonal changes in the relative weight of the central 
nervous system of the leopard frog. 1 have shown also that 
the non-protein content of the central nervous system is 
found to be highest in the winter an<l spring, while it is lowest 
in the summer and autumn. 

The water content and the amount of the non-protein nitro¬ 
gen stand thus in reverse proportion. Therefore, the increase 
of the non-protein nitrogen should not be regartled as related 
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directly to the growing processes of the central nervous 
system. 

What significance is, then, to be attributed to this seasonal 
change of the non-protein nitrogen? We know little of the 
origin of the non-jjrotein substances which are produced by 
complicated processes, but we have reason to imagine that 
not all parts of the non-protein nitrogen are contained in the 
cell body in an assimilated condition. 

The non-protein nitrogen contained in the cell body and its 
prolongations in a state of saturation would flow out in patho¬ 
logical conditions and also under experimental procedures. 
I believe T have made this clear in my first and second re- 
poi’ts and, therefore, the readers are referred to my previous 
works on this particular question. 

The increase of the non-protein nitrogen in the winter and 
spi'ing is most probably not due to the assimilated substance, 
but merely due to deposition. Through winter and spring 
frogs are in hibernation with the exception of a week in March 
in which they temporarily wake up for ovulation. 

In this period of the year they lead a most inactive life, vita 
minima, and every function is so executed as to sustain their 
life until the warm season. The nerve cells do not seem to 
function to the extent of assimilating nutriments to their own 
substance. It is reasonable, therefore, to conclude that the 
nerve cells accumulate non-protein nitrogen in the condition 
of hibernation merely as depositions. In the summer and 
autumn this is considered as being, used up for the assimila- 
tory process as well as for the kinetic activities. 

This explanation fits the findings of the seasonal changes 
in the relative weight of the central nervohs system. 

The sex difference in the relative weights of the central 
nervous system offers no less interest. The lower value of 
the weight for the female is considered to be due to the inac¬ 
tivity of the metabolic process in the central nervous system. 
This latter condition is again due to the sluggishness of move¬ 
ment on account of hibernation and also to the use of much 
of the nourishment for the development of the ova. 
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CONC1.USIONH 

1. Donaldson’s formula is availablo not only for the frogs 
of America and Europe, but for the frogs of Japan as well. 

2. The weight of the central nervous system increases ac¬ 
cording to the increase of the total lengtli and body weight. 
The increase in the relative weight follows a logaritlmiic 
curve. 

3. Kana nigromaculata shows regular seasonal clianges in 
the weight of the central nervons system, the same as in 
American and Euroi^ean frogs. The relative weight is low 
at the time of emergence, high in the midsummer, and low 
again at the time of hibernation. 

4. Bana nigromaculata shows a marked sex difference in 
the weight of the central nervous system. It is decidedly 
higher in the male than in the female. 

5. Both the non-protein nitrogen and the water content are 
higher in the female than in the male. 

0. Even the same species of frogs .show varied relation in 
growth according to the ditt’erence of the siarroumling coiuli- 
tions, such as food, climate, locality, etc. 

The Tvriter wishes to express his gratitude to Pi'ofessor 
Hatai, whose instructions and cooperation enabled him to 
fuimish this ai’ticle. 
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HANS MOLISCH 

Wahrend meiner Tatigkeil, an dor Tohoku Kaisorliclion 
Universitat in Sendai hatte ioli Gologenheit, sowohl hior als 
anch an anderei* Orten des japanisolien Inaolroiohos, botan- 
ische Beobachtungen zu maclien. Kin Toil davon soli hier in 
diesen Blattern fortlaufend verdffontlicht werden. 

Die Beobachtungen betreffen sehr verschiodene (legen- 
stande: anatomische, mikrochemiacbe nnd physiologische nnd 
sollen in der Reihenfolge, wie sic gomachl wordon sind, 
veroflfentlieht werden. 


I. MITTKILUNG 

t)BBR ELAEOPLASTEN BEI BOTRYCHIU-M TEKNATHM SW. 

UND OPHIOGLOSSllM VULGATUM Tj. 

MIT RINE RTGUn 

In der Abteilung der Pteridojibyten wnrde bisher das Vor- 
kommen von Elaeoplasten nur bei einer Gattung festgestellt 
und zwar von Zimmerman' im Stengel von Psilotum. Ich 
bin in der Lage zwei neue Fiille bekannt zu geben. Sic bo- 
ziehen sich auf Botrychium und Opbioglossum. Es ist solir 
auffallend, dass man diese iibcraus grosson nnd deutlicluni 
Elaeoplasten bisher iibersehen hat. 

Der Orund dafiir mag vielleicht darin liegen, dass Botry¬ 
chium den Botanikern nicht besonders leicht zugiinglich ist, 
zumal die Pflanze in botanischen Garten nicht kiiltiviert wird. 
Etwa 20 Minuten Weges entfernt vom botanisc-hen Institute 
in Sendai wachst Botrychium ternatum Sw. im Schatten 

’Moliach, H., Mikrochemie der Pflanze. 2. Auflage, Jena, 1921, S. .193. 
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riesiger Cryptomerien ziemlich haufig und so hatte ich Geleg- 
onlieit, <lie Pflaiize oft zii uiitersuchon iind mir zu verschaffen. 

Am deutli<;h8teii aiisgebildct und am leichtesten aufzufinden 
sind die Elaeoplasten in der Epidermis des Blattstiels und 
der Blatt8i)r(‘ile. Die langliclien Oberhautzellen des Blatt¬ 
stiels enthalten je einen eigenartigen farblosen Tnhaltskorper, 
der bei oberflachlicber Betrachtung wie ein im Spiremstadium 
befindlicher Zellkern mit deutlichem Chromatingei'iist aus- 
sieht. Allein dieser in der lebenden Zelle sofort sichtbare 
Inhaltskbrper ist nicht der Zellkern. Dieser fludet sich gleicb- 
I’alls in jedev Zelle, ist aber direkt nur s^lten deutlich zu 
seben, wohl aber naeh Fixierung und Piirbung. Er liegt meist 
unter dem Elaeoplasten un<l hat meist cine lang gestreckte, 
spindeltoi-mige Gestalt (Fig. 1). Die in der Figur gezeicb- 
neten Starkekbrner st gehbren nieht den Epidermiszellen, son- 
dern den unter diesen liegenden Parenchymzellen an. Die 
Kbnier liegen bier in Rosenkranz tibnlieben Reiben, in deium 
sie durcb Plasmafaden zusammengehalten werden. 

Der auffallende Tnhaltskorper besteht aus einem Haufen 
kbniiger und sehleifenartiger Bildungen von protoplas- 
maarligem Aussehen, er nimmt oft die gauze Breite der Zelle 
ein und zeigt folgende Eigensebaften: 

Tn Alkolnil (96 prozent) Iritt eine Scbriimpfung mit teil- 
weiser Lbsung ein. 

Ist Chloi’ophyll in der Nabe, wie in den Epidermiszellen des 
Blattes, so farbt sieb der plasmaartige Ruckstand infolge der 
Speieberung des Blattgriins griin. 

Tn Eisessig treten aus dem Elaeoplasten zahlreiche blige 
Kiigelchen von verschiedener Grbsse aus. 

Tn 10 prozentiger Halzsiiure (10 prozent bezogen auf die 
kaufliehc Salzsaure) und in 10 prozentiger Schwefelsiiure ist 
die Einwirkung ahnlich wie in Essigsaure, doch erfolgt der 
Austritt des Oles langsamer. 

Das Austreten der Oltropfen lasst sich auch ausgezeichnet 
mit Cbloralbydratlbsung (5 Teile Chloralhydrat und 2 Teile 
Wasser) bewerkstelligen. 

In Jod-Jodkaliumlbsung treten nach langerer Zeit gleich- 
falls, wenn auch spiirlich, glanzende Trbpfchen aus. 
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In Kalilauge (30 prozent) werden die Elaeoplasten zwar 
desorganisiert, bleiben aber der Form nach deutlich erhalten. 

Bei Behandlung mit Ammoniak treten ebenfalls dlige Kii- 
gelchen aus \ind ein schwammiges Netzwerk bleibt zuriick. 
Ebenso wirkt verdiinnte Eisenchloridlosung (10 prozent) ein. 

In Millons Beagens bleiben sie grossenteils erhalten und 
fjirbcn sich niclit oder ganz schwach rot. 

In Sudan III Lbsung farben sie sich prachtig rot, wie es ja 
bei grossen Olreichtum nieht anders zu erwarten war. 

Um diese eigenartigen Inhaltskorper besonders deutlich 
sichtbar zu machen, eignet sich in ganz ausgezeichneter 
Weise eine etwa 2 prozentige Lbsung von Osmiumsaure. Sie 
farben sich darin sofort schwarz oder blauschwarz. Bei 
schwacher Vergrbsserung erscheinen sie als kohlschwarze 
Punkte und jede Zelle zeigt einen solchen. 

Nach diesem Verhalten gegeniiber den angefiihrten Reagcn- 
tien und nach ihrem ganzen Aussehen handelt es sich um einen 
neuen Fall von Elaeoplasten, um einen Inhaltskbrper der 
Epidermiszellen, der aus einer plasmatischen Grundlage mit 
eingelagerten Ol besteht. 

Dass die Elaeoplasten in der Obcrhaut des Blattstiels und 
der Blattspreite regelmassig vorkommen, wurde bereits her- 
vorgehoben. Im Grundgewebe der genannten Organe sind 
sie selten, viel schwieriger aufzufinden und im allgemeinen 
weniger blreich. Ebenso regelmasssig wie in der Epidermis 
des gewbhnlichen Laubblattes trifft man sie in der Oberhaut 
des Fruchtblattes und der Sporangien. 

Botrychium virginianum Sw. verhalt sich beziiglich der 
Elaeoplasten und der roten Chlorophyllkbrper (S. vmten) 
ebenso wie Botrychium ternatum Sw. 

- Es ist nicht unwahrschoinlich, dass auch noch andere 
Botrychium-Arten Elaeoplasten enthalten, ich werde, falls 
ich Gelegenheit habe, solche Arten zu finden, diese Vermutung 
genauer priifen und dann daruber berichten. 

Schliesslich sei noch erwahnt, dass die Chloroplasten des 
basalen Blattstiels, wenn sie starkem Lichte ausgesetzt 
werden, sich rot farben, wie dies fiir die Botrychium nahe- 
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Htehende Pteridophytengattung selaginella, aber auch fiir aii- 
dere Pflanzen so fiir verschiefleuc Aloe- uiid Potamogetoii- 
Arten bekannt ist.‘ 

Im Friihjahr 1923 fand ich bei Akabano in der Niihe von 
Tokyo Ophioglossum vulgatum L. und bei naherer Belrach- 
tung stellte sich heraus, dass auch diese Pflanze sehr grosse, 
wohl ausgebildete Elaooplaaten besitzt. Sie finden sich in der 
Epidermis des Blattstiels, der Spreite und des fertilen Blalt- 
abschnittes und sind von derselben oder ahnlichen Art wie die 
von Botrychium, weshalb ich von einer Beschreibung absehe. 

Das Vorkommen der Elaeoplasten in den beiden genannten 
Qattnngen ist auch von einem allgemeineren Interesse, denii 
es stellt ein gutes Beispiel dar, wie sich die Verwandtsehaft 
der Pflanzen auch in gewissen Bestandteilen des Zellinhaltes 
auspragen kaim. 

II. MITTEILUNG 

Ubbr einen neuen pb’lanzenb'arbstoff bei OLERO- 

DENDRON TRICHOTOMIIM TIItJNB. 

Gelegentlich eines Spazierganges in dor naohston Umgebnng 
Sendais begegnete ich einem Strauch (Jh'rodendron trichoto- 
mum, der durch seine auffallcnd gefarbten Friichtc sofort 
meine Aufmerksamkeit erregte. 

Dem roten, etwas purpurnen, S-strahligen, bleibenden Kelch 
sitzt die berlinerblau-gefarbte Beere auf. Dieses eigentiim- 
liche, an Friichten so selten anzutreffende Blau erweckte in 
mir sofort den Verdacht, es kbnnte sich hier in der Frucht 
nicht um Anthokyan sondern um einen von diesem Kbrpor 
verschiedenen Farbstoff handeln. 

Die Epidermis der Frucht besteht aus abgerundeten poly- 
gonalen Zellen, deren Inhalt unterm Mikroskop tief himmel- 
blau gefarbt erscheiiit. Dieselbo Farbe zeigt auch die Paren- 
chymzellen des Fruchtfleisches. 

Nicht selten findet sich der blaue Farbstoff in den Zellen 
nicht gelost, sondern in unregelmassig gcformten Sehollen 
vor. 

•Molisch, H., I.C., S. 252. 
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Der Farbstoff ist leicht in Wasser loslich, langsam Ibslich 
in Alkohol, nnloslicli in Xylol, Ather, Chloroform und Schwe- 
felkohlenstolf. 

Sehr verdunnte Sanren z.B. Essigsaure, Sohwefelsaure und 
Salpetersaure bringen keinen Farbennmschlag nach rot her- 
vor, der Farbstoff kann also kein Anthokyan sein, denn es ist 
bekannt, dass sich alle Anthokyane mit verdiinnten Sauren 
rbten. 

Durch sehr starke konzentrierte Sanren wie Schwefel- oder 
Salpetcrsmiro wird dcr blaue Farbstoff zerstbrt und mis- 
ftirbig. 

Tn sehr verdiinnten Alkalien z.B. in Kalilaugc oder Am- 
moniak tritt ein Farbenumschlag nach griin ein, worin unser 
P^arbstotf vielen Anthokyanen gleioht. Konzentrierte Alkalien 
farben zunachst griin dann gelb oder misfiirbig braun und 
bei Anwendnng von Kalilaugc in Gewebe schliesslich rotlich. 

Sehr verdiinntes Eiserichlorid bewirkt sofort einen Far¬ 
benumschlag nach schmutziggriin und dieser P’arbenton geht 
nach einiger Zeit in ein misfarbiges Braun iiber. 

Eisensulphat wandelt die blaue Farbe in eine schmutzig 
griine um. Nach diesem Verhallen gegeniiber Eisensalzen 
steht der Farbstoff vielleicht den Gerbstoffen nahe. 

Leider ist es mir trotz vielfacher Bemiihungen nicht ge- 
lungen, den Farbstoff zur Kristallisation zu bringen. Das 
ist mit ein Grund, warum sich fiber die Natur des Farbstoffes 
vorlaufig nichts Bestimmtes aussagen lasst. Er kann vielmehr 
jetz hauptsachlich nur durch folgende negative Merkmale 
charakterisiert werden: 

1. Er ist kein echtes Anthokyan, denn er weicht von alien 
Anthokyanen dadurch ab, dass er bei Behandlung mit Sauren 
nicht von Blau in Rot umschlagt. Er steht aber wahrschein- 
lich den Anthokyanen nahe. 

2. Er ist kein Phykocyan, denn er besitzt keine Eiweiss- 
natur und zeigt keine Fluoreszenz. 

3. Er ist nicht Indigo, denn er weicht von diesem Farbstoff 
ganzlich ab und lasst sich auch nicht sublimieren. 
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Die von mir als ^PseudoiiHlikane’** bezeichiieter Pliroino- 
gene sind daduvch ausgezeichnet, dass sie erst postinortal 
einen blauen Farbsloff liefern, walirend dor blaue Farbstoff 
in der Beere von Clerodendron triehotomum sclion in der 
lebeiiden Zelle vorhanden isl. 

Dor in der Kelclioberhaut vorbandene rote Farbstoff zeigt 
die Eigensehaften des Anthokyans irn (legtnisatze zn dem 
Farbstoff der Fruoht. Das Kelolililatt ist anatomiscli da- 
durch au8gezeiohn(‘t, dass unmitlelbar nnter der ()l)eren Olx^r- 
haut gegen die Mittelrippe zn sieh eine meist einschielitige 
Lage von flachen, wellig kontoiiriertcni Steinzellen, dereii 
Wande verholzt sind, vorlindet, ein fiir ein Keleliblatt g(»wiss 
sehr seltener Fall. 

Mit dieseii sparlielien Angaben mnss ich mieh vorlanfig 
bescheiden, sie verfolgen lediglieh den Zweck, die Anfmerk- 
samkeit auf diesen neiien Pflanzenfarbstoff zn lenken iind 
viellcicht einen Makrocliemiker zu veraiilassen, ihn weiter zn 
studieren. 

Schliesslicli will ich nocli einen zweiteii Fall eines voin Aii- 
thokyan abweichenden blanen Farbstolles (‘rwahnen. 

Die Narbe der Bliite von Alonotropa nnillora L. ist blau 
gefarbt und diesc Fiirbung verdankt sie (‘in(*m himmelblauen 
Farbstoff, der in den snbepidermalen Parenchymzelhni des 
Stigma gelost vorkommt. Er hat mit clem Farbstcjff von 
Clerodendron in so feme Ahniichkcnt als aucli er mit Sauren 
(Salzsiinre, Essigsaure, etc.) niclit rot wird. 

* Moliseh, H., Mikrocliemie der Pflniizo. 2 . Auflaj'e, Jena, 1021, S. 239. 




ON THE AGGLUTINATING SUBSTANCE OF THE EGG 
OF THE STARFISH, ASTERINA PECTINIFERA 

SlIlCUiaOKU NOMURA 

Recently the egg secretions of starfishes aiul sea-urchins 
have been studied by various investigators, and it has become 
evident that the egg secretions of these animals contain a 
substance or substances, which are seemingly responsible for 
• production of the so-called ‘agglutination’ phenomena upon 
the spermatozoa of the same species. During my stay (July 
to September, 1922) at Asamushi, Aomori Prefecture, I was 
fortunate in being able to study the phenomena just men¬ 
tioned on the starfish, Asterina pectinifera (Miiller and 
Troschel). 

In this paper I shall present briefly a preliminary account 
of the general behavior of the spermatozoa when mixed with 
the egg water. Detailed studies will follow in the near future*. 

Agglutination. The observations w'ere made, for the most 
part, under the microscope. If the spermatozoa are brought 
in contact with the egg water, viz., sea-water wdiich contains 
egg secretions, they are highly activated. The spermatozoa 
thus activated form in a few minutes numerous agglutination 
masses resulting from the adherence of one to another by 
the head, which seems to have bt^come sticky and swtdlen, 
while the tail remains free in most spermatozoa. This seems 
to be the characteristic feature of iso-agglutination as com¬ 
pared with hetero-agglutination, where not only the heads 
become sticky and swollen, but the tails also adhere. Swell¬ 
ing of the sperm head was observed also by Lillie (’19, p. 120) 
and Sampson (’22, p. 277). The agglutination masses arc 
at first composed of only several spermatozoa, but sooner or 
later the number may increase to more than one hundre<l. 
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The results of the observations are summarized and presented 
in the tables. It is to be understood that all observations 
included under the same data wore carried out with materials 
which were obtained from the same source. Those prepara* 
tions which were mounted on slide glasses almost simultane¬ 
ously and observed side by side are connected with a brace. 
From table I it will clearly be seen that agglutination reaction 

TABLE 1 


WATKR I gPKHM HF^PKNliloN 

' 8EA> , 


OF , 

F.XPRRL I 

NO. or 

MIADK 

GLAftfl 

Relative 

Quantity 

WATER 

IN 

PROPS 

Relative 

Quantity 

KKArrioN 
(AnOMTINATION ) 



ooiK^ntration ; in drops 

' _ 

concentration 

in drops 


17/Vlll 

I 

1 

Few 

0 

A 

Few 

(4 ) (+) 

n 

1 

Few 

0 

A 

Few 

(o(+) ■ 

( V 


0 

1 

1 

3 

(-) 

ll 

VI 

A 

1 

0 

1 

3 

(4-) (+) 

|i 

VII 

lid 

1 

0 

1 

3 

(4-) (4 ) 

H 

Vlll 


0 

1 

1 

3 

(-) 

ij 

IX 

.i. 

1 

0 

1 

3 

(4) (+) 

; 1 

-X 

10^0 

1 

0 

1 

3 

(+) 

h 

A 

i 

1 

0 

1 

3 

(+) (+) 

I) 

R 


0 

0 

1 

5 

(-) 


IV 

i 

5 

0 

1 

1 

6 

(4-) 

21 j| 

V 

i 

a 

2 

1 1 

fy 

(+) 


VI 


0 

5 

1 

5 

(-) 

2/lX ' 

r V 

A 

1 

0 

Dilute 

1 

(4-) 

• ! 

VI 

A 

2 

0 

! Dilute 

i 1 

(4) 

i1 

VII 

1*0 

1 

0 

1 Concentrated 

i 1 

(f) (4-) 

1 

1 

^ VIII 

1 

i 

1 0 

1 

j Concentrated 

1 

(-) 

invariably occurs on the slide \ipon which the egg water was 
placed, but always fails where it was absent. It is, therefore. 


evident that the egg water of Asterina pectinifera contains 


a substance which agglutinates the spermatozoa of the same 
species. Loeb reports that the sperm of Asterina gave ag¬ 
glutination reaction neither with their own egg water nor 
with that of sea-urchins (Loeb, ’14, p. 125), but he does not 
give the name of the species under consideration. 
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I may add, moreover, that Asterina egg water seems also 
to produce hetero-agglutination of the spermatozoa of Stron- 
gylocentrotus tuberculatus Lamk. (Toxocidaris tuberculatus 
Mortensen) (Mortensen, ’14) and of Laonome. 

Effective concentration. The experiments of 17/VIII 
(table 1) were carried out to determine the minimum concen¬ 
tration of the egg water necessary for production of aggluti¬ 
nation. The original egg water was diluted to various con¬ 
centrations, and it was found that agglutination was percep¬ 
tible even with such a low concentration as 1/5000 of the 
original. Similar remarkable effectiveness of agglutinating 


TABLE 2 


DATE 

or 

£XPER1< 

MENT 


NO. OF 
HOIAA>W 
GLAM 


MPRRM 

8PHPKNH10N 

(10/Vlll). 

OILUTKO 


MATERIAL FOR TKKT OR CONTROL 


RF.ACTION 

(AOGLim nation) 


ll/Vlll| I 

• I 

i 

1 n 

III 
I IV 
I V 

! 


0.05 ocm. ! A. few 5 times washed ( } ) Spermatozoa 

I with sea-water. crowdi*d enor- 

I mously over 

surface*. 

0.05 cein. ; Primary egg water 2 drops I( f) 

j 0.05 com. I Secondary egg water 2 dro|>H ;( f) 

I 0.05 cem, 1 Tertiary egg water 2 drops '( f) 

0.05 eein. | Quaternary egg waU*r 2 drops ,( i ) 

0.05 ccin. j Sea-water 2 dro|i« i (—) 


substance in low concentration was observed also by Lillie 
(’19, p. 117) and others. 

The effect of more dilutetl egg water was not tested. 

In the experiments given in table 2, eggs left over night in 
a test-tube were washed five times with sea-water. Tin? amount 
of water used for this purpose was nearly ten to twenty times 
that of the eggs in each case. 

The eggs, even after the fifth washing, were able to attract 
and agglutinate the spermatozoa. It is interesting to note 
also that the egg water obtained from even the fourth wash¬ 
ing was able to produce agglutination. 

The eggs did not reach full maturity during my stay at 
Asamushi. No eggs were fertilizable, but they produced the 
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agglutinating substance. Occasionally small egg cells which 
neither attracted nor agglutinated the spermatozoa were met 
with, while large eggs apparently possessed the power to do 
so. The eggs seem to begin to produce the substance a short 
time before or during the period of growth. Von Dungern 
also reports that unripe ova of starfish produce agglutinating 
substance (’02, p. 41). 

TABLE S 


DATK 

OF 

K.X PKRl- 
MEMT 


1/IX 



I MATERIAL FOR TRHT RFRRM SUHPF.NfnON 


NO. OF 



— 



8LIOE4iLAm 

Relativo 

Quantity Relative 

Quantity 



concentration 

in drops 

concentration 

in drops 

I 

vm] 

A 

E. W. 

2 

1 

1 

B 

K. W. 

2 

1 

1 

.xj 

A 

E. W. 

1 

1 

1 

B 

0 

1 

1 


A 

E. W. 

1 

1 

1 

B 


0 

1 

1 

XI i 

A 

B 

B. F. 

1 

0 

1 

1 

1 

XII j 

A 

L. E. 

1 

1 

1 

B 


0 

1 

1 

XIII 


A E. W. 

1 

1 

1 

XIV 


A E. W. 

1 

1 

1 

XV 


* B. F. 

1 

1 

1 

XVI 


} L. E. 

1 

1 

1 

XVII 



0 

1 

1 

XVIII 



' 0 

1 

1 

1 

I 


E. W. 

1 

1 

1 

1 

II 


B. F. 

1 

1 

1 

III 


L. E. 

1 

1 

1 

IV 



0 

1 

1 


fIRA- 1 

WATER 

IN 

PROFS 

RESULT 

(agglutination ) 

0 

(4-) 

0 

(f) 

0 

(+) 

1 

(-) 

0 

(+) 

1 

(-) 

0 

(-) 

1 

(-) 

0 

(-) 

1 

(-) 

0 

(f) 

0 

(+) 

0 

(-) 

0 

(~) 

1 

(~) 

0 

(-) 

0 

(4) 

0 

(-) 

0 

(-) 

1 

(-) 


Abbreviations: S,W,, egg water; B.F., body fluid; L,S,, liver extract. 


Tissue specificity. The tissue specificity of the agglutinat¬ 
ing substance is known in some other forms. To ascertain 
this point in the starfish, the coelomic or body fluid and the 
extract of the liver or pyloric caecum of the same specimen, 
ihe eggs of which produced the agglutination, were tried on 
the spermatozoa of the same species. The results of the 
experiments are given in table 3. In the series of experiments 
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VIII-XII on September 1st, the two separate mountings 
A and B were prepared on each slide and observed side by 
side. 

In the preparations where egg water was present, aggluti¬ 
nation reaction was evident, but in others where tissue extract 
alone was present, it was always negative. This naturally 
leads us to conclude that the agglutinating substance is pres¬ 
ent in the eggs, but absent, so far as the observations go, in 
other tissues. 

This work was begun at the suggestion of Profj?HSor Hatai, 
to ■whom I wish to express by sincere thanks for his kind 
advice on various points and for his review of the manuscript. 
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ALLOLOBOPHOBA FOETIDA (SAV.) IN 
NORTH JAPAN 

KIICHIBO SASAKI 

At the Biological Institute of the Tohoku Imperial Uni¬ 
versity several investigators are using a certain species of 
Allolobophora as material for various research purposes. It 
thus became necessary to determine the specific name of the 
earthworm, and I have undertaken this investigation under 
the direction of Assistant Professor E. Nomura. 

The earthworm under consideration is called ‘Hhimami- 
mizu,’ or ‘striped worm,’ and anglers use it very commonly, 
because it is considered to be the best bait for fishing. It 
is usually found abundant in the manure piles of cattle feces, 
more or less decayed. These worms can be kept very easily 
if, for instance, they are placed in the corner of a garden and 
fed with rice paste. 

This worm, when it is alive, has a very characteristic colora¬ 
tion; each dorsal segment shows three stripes, light red in 
front, deep red mixed with purple in the middle, followed 
again by light red, with the exception of segments IX, X, 
and XI, and of the clitellar portion, in which the coloration is 
somewhat weaker. The ventral is nearly the same as tin; 
dorsal, only somewhat whiter. The body of the worm is flat 
when contracted, but becomes cylindrical when relaxed. 

In formalin the color gradually fades away, but in alcohol, 
if the worms are previously fixed in acetic sublimate, it turns 
to a very light blackish yellow ocher and the striation 
disappears. 
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The chief specific characters are as follows: 

Clitellum, XXVI-XXXII (7 segments), it has, however, 
a tendency to cover several anterior segments, also. 

First dorsal pore, IV/V. 

Setae, strictly paired, on the middle striation. 

Ovary, XIII, 1 pair. 

Testis, X, XI, 2 pairs. 

Male pore, XV, 1 pair. 

Sperm sac, IX, X, XI, XTT. 

Spermathecae, TX, X, 2 pairs. 

Spermathecal openings, IX/X, X/XI (dorsal openings). 

Length, 86 mm. (76-106 mm.), average of 15 specimens. 

Breadth, 4 mm. (3-4, 3 mm.), average of 15 specimens. 

Number of segments, 98, a^’erage of 15 specimens. 

The specific description given above thus agrees with those 
given by Beddard <tf Allolobophora foetida (Sav.) in the 
Monograph of the Order Oligochaeta (1895), and also agrees 
with Eisenia foetida (Sav.) of Michaelsen (Bas Ticrreich, 
Bd. 10,1900). 

So r conclude that the earthworms which we are using in 
our laboratory are Allolobophora foetida (Sav.). 

1 am as yet unable to give the exact distribution of this 
species in Japan, but I can state that it must be very common 
along the Pacific coast of north Japan, since I found this 
species among the collections from Tokyo, Sendai, Morioka, 
and Aomori. It thus seems highly probable that this species is 
very widely distributed in Japan. It is strange that I have 
not yet found specimens of Allolobophora japonica Michael- 
scn. It is interesting to note also that this cosmopolitan 
species is found in Japan, and despite its world-wide distri¬ 
bution the worms are practically immune to climatic or geo¬ 
graphical variations which commonly occur in most other 
animals. 



ZUR KENNTNIS DBR KEIMENTWIOKLIINU BET 
SARGASSUM 

MASATO TAHARA 

MIT VIER ABBILDUNOEN IM TEXT 

Es ist auffallerid, dass wahreiul eingeheiide Bcohachtung 
liber die Befruchtmig und Keimentwicklung bei Pucns sclioii 
in Hiille und Fiille durchgefiihrt sind, Sargasfiuni bis jetzt in 
dieser Hinsicht nur diirftig behandelt erscJieint. Um einige 
Beitrage auf diesem Gebiete zu liefern, begab ich mieli in 
Marz, 1920, nach Misaki zur Biologischen Station der Tokio 
kaiserlicben Universitat und walirend des driiitiigigi'n Aufeni,- 
haltes beachaftigte ich mich mit der Sammlung <ies Afaterials. 
Nach den Erfabrungen der friiheren .Jahren wurde die Fix- 
ierung des Materials meisteiis in der Naclit durchgefiihrt, 
denn am Tage fixiertes Material diirfte die Teilungsfiguren 
so gut wie gar nicht zeigeu. Ilm das Material liickenlos zu 
machen, sammelte ich es je eiiimal in jeder Stunde und die 
ganze Nacht bindurch. Doch war das Material fiir die ITnttfr- 
suchungen iiber die Befruchtung nicht gecignet. Daher wir<l 
bier nur die Embryoentwicklnng dieser Algc behandelt 
werden. 

An der Kiiste von Misaki wuchern verschiedene Arten von 
Sargassum sehr lippig. Zu meiner Untersuchung wahlte ich 
aber nur eine Art, namlich Sargassum enerve, Ag. Die fol- 
gende Schilderung beziebt sich daher ausschliesslich auf diese 
Alge. Als Fixierungsmittel benutzte ich Chromessigsaure 
von folgcnder Zusammensetzung: 

GesHttigte w&sserige L^sung von ChroniHiiure... 1 cc. 


Seewasser .100 cc. 

EigeBfligsaure... 1 cc. 
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Die Schnitte von 15-25 p Dicke wurden teils mit Heidenhains 
Hamatoxylin und teils mit Safranin-Lichtgriin gefarbt. Die 
letzte Methode habe ich lieber bcimtzt, denn die erstere er- 
schwert die Beobachtung einigermassen, indem so wohl Chro- 
matopboren als auch Kernsubstanz mit dem Farbstoffe in- 
tensiv tiiigiert werden. Dagegen werden mit Safranin die 
Chromatophoren nicht gefarbt. 

Wie schon wohl bekanut, hat das Oogonium von Sargas- 
sum acht Kerne im friiheren Stadium seiner Entwicklung, ob- 
wohl es nur citiem einzigen Ei in sich auszubilden bestimmt ist. 
Diese acht Kerne diirften aber mit Recht alle Eikerne bezeich- 
net werden, weil sich acht funktionierende Eier tatsachlich bei 
Pucus in einem Oogonium cntwickeln. Seit der Arbeit von 
Oltmanns nimmt man bloss an, dass die ubcrzahligen sieben 
Kerne samtlich friiher odor spater vernichtet werden. In 
der im Jahre 1910 erschienenen Abhandlnng Nienburgs fiber 
Cystosira und Sargassum wird dieser Gedanke wieder geltend 
gemacht. Aber er berichtet hierfiber eine merkwfirdige Er- 
scheinung.' Blr schreibt: 

Ich habe nur noch cinen abnormalcn Fall (bei Cystosira) zu 
erwiihnen. E.s kommt manchmal vor, dass man in einem Ei zwei 
Kerne findet. Ich habe dann niemals mchr als sechs degenerierte 
gefunden, so dass es wahrscheinlich ist, dass die beiden Kerne Oogon- 
keVne vorstellen, die nicht ausgcwandert sind. Es ist allerdings 
luoglich, dass sie durch Teilung aus dem ursprunglichen Eikern her- 
vorgegangen sind, denn die Zahlung der degencrierten Kerne ist nicht 
genau durchzufiihren, da beim Farbeprozess hanfig einzelene von 
ihncn fortgespiilt werden. Ueber das weitere Schicksal dieser dop- 
pelkcriiigcn Eier habe ich nichts Sicheres ermittein konnen. 

Bei meiner Untersuchung fiber die Embryoentwicklung von 
Sargassum enerve ist es mir aufgefallen, dass das Oogonium 
mit zwei intacten und sechs degenericrten Kernen ganz allge- 
mein ist. Ich habe nie ein Oogonium mit einzigem Eikerne 
gesehen. Ich werde das unten noch etwas naher be- 
schreiben. 

‘Nieiiburff, W., Die Oogonentwicklung bei Cystosira und Sargassum (Flora, 
Neue Folge, Bd. 1, 1910), S. 170. ‘ 



KBIMKNTWICKLUNG BEI 8ABGAS8UM 


93 


Im friiheren Stadium der Entwicklung des Oogoniums 
haufen sich zahlreiche Ohromatophoren dicht um die acht 
Eikerne. Dann entsteht ein heller Hof in der nachsten Umge- 
bung jedes Kerns. Dieser Hof ist ganz frei von Chromato- 
phoren. Die sechs von den acht bisher ganz normal aus- 
sehenden Kerne fangen nun an zu degenerieren (Fig. l,a). Die 
Ausstossung der degenerierten Kerne, welche bei den meisten 
Pucaceen platzgreift, lindet bei Sargassum nicht statt. Die 
Nukleolen der degenerierten Kerne lassen sich im Cytoplasma 



Fig. 1 Keimentwickluug von Sargassum eiiorve. a, Ei mit zwei intakten und 
Bcchs Bchon degenerierten Kerucn. b, Nocli HpiitereH Stadium. Nukleolen von den 
degenerierten Kerneu noeh bemerkbur. c, Zwei Eikerne in Prophase der Teihiug. 
Plnsmastrahlung sehr deutlicli. d, Die ersten Kerntoilungen in Koimlinge. 


von Oogoni\im lange beobachten. Die intact bleibcnden zwei 
Kerne wcichen bald auseinander nach den entgegengesetzten 
kiinftigen Polen des Keimlinges (Fig. l,b). Der nach unteu 
schreitende Kern erreicht die aiisserste Grenze des Poles. Die 
Seheidewand zwisehen diesen zwei Kerne wird lange nicht 
aussgebildct. Daher sehen wir eine Zeitlang die zwei Kerne 
ganz frei in der gemeinsamen Plasmamasse. Audi Nienburg 
beobachtete seinerzeit denselben Zustand des Oogoniums bei 
Sargassum, er hatte jedoch dariiber eiite ganz andere Ansicht 
als ich.* Er schreibt; 

•A. a. O., 8. 176. 
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Ich habe hier bei alien alteren Oogonium, in denen sich der Eikern 
bereite ausgebildet hatte, an einer bestimmten Stelle der Wandnng 
bich stark tingierende Plasmamassen gesehen, in denen mancbmal 
noch Kerne nachgewiesen werden konnten. Da ieh an anderen 
Stellen der Wandung niemals degenerierte Kerne habe liegen sehen, 
so nehmo ich an, dass sie mit den erwahnten Plasmamassen znsammen 
ausgestossen werden. Diese werden spatcr wahrscheinlich wieder 
resorbiert. 

Der untere Pol des Keimlinges ist die Stelle, wo sich 
Bhizoiden spater entwickeln, und die Plasmamasse ist merk- 
lich dichter in ihrer Konsistenz und farbt sich sehr stark. 
Abcr es handelt sich hier nicht um cine Degeneration des 
Plasmas, well der Kern in diesem Bezirke in beinahe gleichen 
Sehritten mit dem oberen Kerne eine mitotische Kernteilung 
immer ganz regelmassig durchfiihrt (Fig. l,d). 

Wie oben gesagt, liegen die zwei intakten Eikerne zuerst 
in der gemeinsamen Plasmamasse. Mit dem Portschritte der 
Entwicklung wachsen sie immer mehr und endlich kommt um 
jeden dieser Kerne zur Ausbildung einer sehr deutlichen 
strahlige Striiktur des Plasmas. Diese Struktur findet immer 
auf dor nach dem Pol gerichteten Seite beschrankt, und zwar 
ist sie besonders in der Umgebung des oberen Kernes (Pig. 
1, c und d). Diese zwei Kerne habcn sehr hauhg je zwei oder 
drei Nukleolen, was auf eine vorhergegangene Verschmelzung 
von Ei- und Spermakern hindeuten konnte. Aber im acht- 
kernigen Stadium des Oogoniums beherbergen merkwiirdiger- 
weise einige von den Kernen schon zwei oder drei Nukleolen. 
Bevor die erstcn Kernteilungen in Keimlinge stattfinden, bil- 
det sich eine Scheidewand etwa in der Aequatorialebene des 
Keimlinges aus. In der Prophase der Kernteilung dringen 
feine Padchen in den Kern hinein und die bisher sehr deut- 
liche Strahlung des Plasmas erlischt (Pig. l,d). In der Telo¬ 
phase findet man zwei winzige Kerne neugcbildet, um welche 
die Strahlungen, die Vorbereitung fiir «iie zweite Teilung, 
wieder klar hervortreten (Pig. l,d). Es ware ein interessautes 
l^roblem, die Chromosomenzahl dieser boiden Kerne zu ver- 
gleichen. Leider gelang es mir aber nicht dies durchzufiihren, 
weil die Chromosomen von Sargassum sehr klein und unter- 
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einander dicht gedrangt sind. Die weitore Entwickhmg des 
Keimlinges habe icli scbon friiher behaiidelt* und es scheint 
mir daber iiberflbssig, neuerdings darauf einzugeben. 

Kurz zusammengefasst: Bei Sargassum enerve boteiligon 
sicb zwei Eikerne an der Auabildung des Keimes und es liegt 
die Vermutung sebr nabe, dass diese Erscbeinung unter den 
gesammten Arten von Sargassum uud dessen verwaudten 
Gattungen z.B. Oystopbyllum, Cystosira u.a. allgemein ver- 
breitet ist. 

Bekanntlicb entsteben gewisso Zwillinge durcb friihzeitige 
Verscbmelzung zweier Eizellen. Wenn meiiie obige Beobach- 
tung ricbtig ist, so konnte man, in der Entwickluiig von Sar- 
gassom ein Analogon zu dicser Zwillingsbildung erblicken, 
well sicb die zwei Eikerne von Sargassum immer in der Keim- 
cntwicklung beteiligen. 

• Tahara, M., Oogonium liberation and embryogeny of some fucuceous algae 
(Journal of the College of 8cience, Imp. Univ. Tokyo, vol. 32, 1913). 
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76 Probeii von geschlachtetem Rind auf spontancs Lcuchtcn gepruft 
unci zwar 48 Rindflcisch, 10 Kalbfleisch- und 18 Lcbcrprobcn. Hierbei 
ergab sich, class von den gesainten Objcktcn 48 Prozent Icuchteten 
und zwar: 

Rindflcisch 62 Prozent. 

Kalbbeisch 60 „ 

Rindsleber ol) 

Als ich spatcr incinc Methode verbesserte und die I'lcischstucke in 

3 procentige Kochsiilzlosung cinlegte (sichc weiter unten) fiel das 

ICrgebnis noch giinstiger aus, denn von den gesaiiitcn, nach dcr 
„ Salzwassermethodc ” gepniften Fleischstuken (Rind- und Pfcrdeflciscli) 
Icuchteten nicht weniger als ungeiahr 87 Prozent und zwar 
von den Rindfleischproben 89 Prozent. 

„ ,, Pfcrdefleischproben 66.5 ,, 

Die Ursache des Ix^uchtens ist nicht ctwa das dcr Zersetzung anheim- 
fallcnde Fleisch sondern, wie lange bekannt, cin Icuchtcnder Spaltpilz 
und, wie ich durch vide Reinkulturen feststellen konnte, imnier ein 
und clerselbe Spaltpilz, das Bacterium phosphoreum (Cohn) Molisch. 

Als ich meine Versuchc auch auf Wien ausdehntc, fand ich, dass 
(las I^uchten des P'leisches seltcner auftritt als in Prag; es mag 

vielleicht mit der verschiedenen Behandlung des Fleisches oder niit 

clem beim Waschen und I3esprcngen dcr Fleisches verwendeten Wasser 
ziisammcnhangen. In Prag war dies ein ungemein wciches, fast 
mcK)riges Wasser, in Wien hingegen cin ziemlich hartes, kalkreiches. 

II. 

Hei mcincr Tatigkeit an dcr Universitat in Sendai intercssierte mich 
neuerdings clieser Cicgcnstand. Ich legte mir die PVagen vor: 

Kommt das spontanc Leuchten des Schlachtvichfleischcs auch in 
Japan vor? Und wenn, ist cs haufig oder selten? Ruft hier derselbe 
S}xiltpilz das Ijcuchten hervor wic in Kuropa (xler ist es ein andcrer? 

Die Methodik, die ich zur Feststellung des Ix'uchtcns angewendet 
habc, war diesclbc, die sich schon im meiner friiheren Praxis bewahrt 
hatte. Tvs warden wahrend der kalten jahreszeit (DezCmber-Februar) 
Hcischstiicke im Fleisclicrladen gekauft, sofort ins I-aboratorium ge- 
bracht, in cine Petrischale gelcgt, mit ciner prozentigen KochsalzUV 
sung in gcw(“)hnHchem Wasser ubergossen und, um das Verdampfen 
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der Flussigkoit imd cine KonccntrationsiinderLing zu vcrliindern, nut 
ciner Deckdschale bedeckt. Das Flcisch darf nicht in der Sal/losung 
untcrgetaucht sein, scmdern muss grosscnteils aus der Losiing in die 
Liift ragen. Das Fleisch vvird in eincm wcnig gchei/tcn Zimmer bei 
eincr remperatiir von etwa 10-*16"C im difFusen laclit odiT im 
Finstern aufgcstellt. Beobachtet wird in der Nacht. Will man 
schwaches Leiichten nicht ubersehen, so muss man mil moglichst 
ausgeruhtem Auge bcobachten. Man muss etwa - .3 Slunde im 
Finstern verweilen, falls einem schwaches Licht nicht entgehen soil. 
Kommt man hingegen aus dcr Tageshelle in die Diinkelkatnmer, so 
ist das Auge ermudet und wenig cmpfindlich lur gcringe Delligkeitcn. 
Solche k<*)nnen dann leicht ubersehen vverden. Ungemein empfindlich 
aber fur Spuren von T.icht ist das nien.schliche Auge, wenn man in 
der Nacht erwacht und iinmittelbar darauf mit vollig dunkcladaptiertem 
Auge im Finstern beobachtet. Ich bevvahre die Fleischj)roben zu die- 
seni Zvvecke in meinem Schlafzimmer. Ich mache absichtlich auf 
diese Umstandc aufmerksam, weil deni Bcobachter sonsL leicht schvva- 
cheres ja mitunter sugar starkes Ixuchten entgehen kann. 

Die Versuche wurden in Sendai zuerst mit Rindfleisch gemacht. 
Ich war uberra.scht schon bei der ersten Probe nach 3 tagigem Liegen 
das Keuciiten feststellen zu kdnnen. Das Licht enscheint in Form 
kleiner Icuchtender Punkte. Nach und nacli kdnnen sich diese zu 
grdsseren In.seln vereinigen, ja in manchen Fallen kann ilic gan/e 
< Mierflachc leuchten. 

Unmittelbar nach dem Kinkaufen bcim Metzger leuchtet das P'leisch 
nur in seltcnen Fallen, wenn es aber unter den friiher angegebenen 
Um.standcn in dcr Kochvsalzldsung liegt, erscheint haulig das Licht. 

Das 1^‘iichton beginnt gewdhnlich am 2-3. Tage und dauert dann 
l-t3 Tage, bei holier Sommertemperatur aber vici kurzere Zeit, da 
sich dann andere Baktericn im Kampfe urns Dasein breitmachen, die 
stinkende Faulnis einleiten und damit die I^'uchtbaktcrien in kurzer 
Zeit .so uberwuchern, dass das Licht verschwindet. 

Um inich zu uberzeugen, ob die Lichtentwicklung am P'lcische 
vicllcicht nur gerade auf den Flei.scherladen beschr.inkt w.ir, von deni 
ich das Fleisch zuer.st holte, wiirde .spriter immer von einem andern 
Laden Flei.sch gekauft, aber trotzdem zeigte sich, wenn auch nicht 
immer, so doch recht haufig Ijcuchten. 
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Im gsinzctx liabc ich bisher 20 Rindflcischprobeii gepriift und bei 
11 in niehr oder niinderem Grade Licht beobachtct. Das sind 56 
Prozent 

Nachhcr untersuchtc ich Schweinefleisch und fand es zwar hier 
nicht SC) haufig leuchtend aber mitunter so auBallend intensiv, dass 
man das Licht mit wohl ausgeruhtem Auge auf 10 Schrittc noch bcquem 
wahrnchmcn konnte. In solchen Fallen leuchtctc nicht nur das Flei5ich 
sondern auch die Kochsalzlosung. 

Ich imtersuchte vom Schweinefleisch verschiedener T^den im ganzen 
20 Proben und zvvar in 3 P'allcn mit ix)sitivcn Krfolgc. Das waren 
alo 16 Prozent. 

Vergleichswcise machte ich sowohl mit Rind-als auch mit Schweinc* 
fleisch Versuche ohne Kochsalzlosung. 10s wurcicn dann die eben 
beim Pleischor eingekauften Flcischstucke einfach ohne Kochsalzlosung 
in die Petrischale eingelegt. Wie schon friiher in Europa habe 
ich auch hier in Sendai gefunden, dass das I^uchtcn bei dieser 
„ Luftmethodcim (Jegensatze zu der „ Salzwassermethode " zwar 
auch auflritt aber seltencr. Das kommt daher, weil die Rakterie, die 
das Ijeuchtcn dcs Flciaches verursacht, halophil ist und durch Koch- 
salz in ihrer lOntwickliing wesentlich geforcicrt wird. 

Durch das mitgetcilte Krgebnis war nun die enste PVage, die ich 
mir gestcllt habe, gclost. Die Antwort lautet kurz : Das in Sendai 
zum Verkaufe dargebotene Schlachtviehfleisch vom Rind 
und vom Schwein kann, wenn es nicht schon leuchtend 
ist, in vielcn Fallen leuchtend gemacht werden, wenn man 
es mit 3 prozentiger Kochsalzlosung benetzt im feuchten 
Raume liegen lasst. 

Nach F'eststellung dieser Tatsache ging ich daran, zu priifen,. 
ob die Bakteric, die in Sendai die Lichtentwicklung am Fleische 
hervorruft, identisch ist mit derjenigen, die in Europa das Lichtphae- 
noinen am Schlachtvicfleisch veranlasst, namlich mit Bacterium phos- 
phoreum (Cohn) Molisch. 

Es wurden daher mchrmals Reinkulturen von verschiedenen Fleisch- 
proben hergesteUt und dabei ergab sich, dass in alien Fallen 
stets eine und dicsclbe Bakterie als Photobakterie isoliert 
werden konnte und zwar die vorhin erwahnte. Eine genaue 
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Beschreibung dieser Bakterie habe ich seinerzeit in metncr Abhandlung*^ 
liber das Ijcuchten des Fleisches gegeben, weshalb ich darauf verwcise. 

Aus deni Gesagten crhellt, dass die genanntc Photolxiktcrie sich 
ebenso wie in Europa auch in Sendai and vvohl hochstvvahrscheinlich 
in andern Stiidten Japans in den Schlachthausern iind den Flcischladcn 
eingebiirgert hat und an diesen Orten auf das friscli eingebrachto 
Fleisch immer vom ncueni iibertragen vvird. 

Es sei ausdriicklich ixjtont, dass diescni vSpaltpilz kcinc pathogenen 
Eigenschaftcn zukomnien und dass das Fleisch selbst in Icuchtcndeni 
Zustancie, wenn es noch keinen iiblen Geriich hat, geniissfahig ist. l^s 
verhalt sich in dieser Beziehung das Fleisch gcnau so vvic die Mceres- 
fische. die ja, vvic seit langem bekannt, kurze Zeit nach dem Absterben 
gleichfalls ;in folgc von Photobakterienbesiedlung leuchtend werden. 
Die meisten Fische, die auf dem Fischrnarkt ziini Verkaufe bereit 
liegen, leuchten,*^ sind aber trotzdem genussfiihig. h>st wenn andere 
Baktcrien iiber die l-euchtbaktericn die Olxirliand gewinnen, diese 
verdrangen und die stinkende Faulniss einleiten, dann diirfen solclic 
Fische nicht mehr gegessen werden. 

III. 

Zum Schluss indchte ich noch eine liemerkung machen, die in 
allgemein btok^schcr Beziehung von Interesse ist. Sie betrifft die 
sehr haufige weitc Verbreitung und den Kosmopolitisinus dor Mikro- 
organisnien. Ich habe scinerzeit die farblosen Schwefelbakterien ini 
Wasser aus dem Hafen von Tricst (friiher Oesterreich. jetzt Italien) 
untersucht und konnte untcr anderni von neuen Arten auflfinden : 
Thiothrix annulata Molisch, Thiothrix marina Molisch, Beggiatoa 
marina MolLsch, Bacterium Bovista Molisch, Ikicillus thiogenus Mo¬ 
lisch, Spirillum punctatum Molisch und ausserdem eine ncue Bakterie 
die in auffallend langen unbeweglischeu Faden ohne Schwefelkurnchen 
auftritt, namlich Chlamydothrix longis.sima Molisch,'^ 

Als ich die Schwefelbakterien, die im Seewasser von Matsushima 

O Moliifdi H., U€l)er das Leuchten des Kleisches, insljesonders tolcr Schlachttierc. 

Botaiiiscbe Zeitung. 190B. 

V MoliscU H., Leuchtende Fllatizen. 1. c. p. 79* 

•0 Molisch II., Neuc furhlose Schwefelbakterien. Ccniralblall f. liaktcriologic etc. Ikl. 

BB. 1912 l>. 56. 
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(Pacific bci Sendai in Ja|xin) auftreten, naher studierte, fand ich fist 

allc die ^enannten Bakterien aiicli hier vor. 

Audi die in luuDpa allenthalben vertrotenen Susswasscr-Beg^iatua- 
und Thiothrix-Arten kuinmen in den mil schwar/.cn Schlamm erfiill- 
ten Irinas der Hauser oberflachlich verlaufenden Abzu^skunalcn hiuifig 
vor. Gele^entlicli nieines Aufenthaltcs auf Java (1807/1)8) konntc ich 
inich von dom Vorkommen der in luiropa so allgemein Ncrbreitetcn 
Schiinmelpilze*: Mucor Mucedo, M. racemosiis, Rhizopus nij^ricans, 
Penicillium ^laiicuin und von deni Auftreten der Pjsenliakterie Lepto- 
thrix ocliracea uberzeuy^eii. Audi aus der iiihaltsrcicheii Arbeit Saitos'^ 
j^elit hervor, dass die in Kuropa aufgefundenen, weit verbreiteten 
Sdiinimelpilze audi in Tokyo re^elmassi^ an/.utreffen sind. ICs scien 
iiur die am h:iiifi^sten vorkommenden genannt: Cladosporiuin hcr- 
barum, IVnicillium ^‘laucum, Rpicoccum puriiurasccns, Aspergillus 
glaucus, A. nidulan.s, Catenularia fulij^inea, Mucor racemosiis, Rhizopus 
nigricans, Macrosporium dadosjxirioides, Botrytis cinerea u. a. 

Hasselbe, was von den Schimmelpilzen gesagt wurdo, gilt auch 
von den Bakterien der Luft, deiin die mcisten dieser sind lange vorher 
in Juiropa bekannt gewesen, Saito hat sie aus der Luft in Tokyo 
gewonnen und mil bekannten Arten Kuropas identificiert. Man ver- 
gleiche die einschhigige IJsle bci Saito. 

iMiie Bcstaligung meiner Ansicht gewinne ich auch aus der Arbeit 
llaUoris"^ der verschiedene Wasserleitungcn in japan niikrobiologisdi 
untersudit und zahlreiche in ICuropa und America nachgewiesene 
Bakterien, Schimmelpilze und Algen auch fiir Japan festgcstellt hat. 

Ks ware nicht schwer flir hunderte Algen, IHcchtcn, Pilze und 
Moose die weite Verbreitung auf der J^Tde nachzuvveiscn. 

In letzter zeit wurde von Miyoshi''^ und Hibino"*’ aiicli die in ICuropa- 
wohlbekanntc Goldalge, Chroiiiophyton Rosanoffii und nach den Angaben 


O Sftilo K., Untersuchungen Uber Uic atinospliftriscbcn Pil/kcinie. 1. u. 2. Milteilung. 
Jiiurn. of ihe Science C’ollege, Imjxr. university Tokyo. Japan. Vol. XVIII, article 6. 
Vol. XXIII article 16. 

2) Ilntlori, n., Mikrttbioiogischc l^ntersuchungen Ulicr cinige jaj>anische Wiui.scrleitungen. 
Tlic Botanical Magarin, Tokyo, Vol. Xb. Article 4. 

Miyoshi M., Oljcr da.s I^uchtwa.ssct und dcssen Schutz in japan. The Botanical 
Magazin, Tokyo, Vol. 29. 1916. p. 61. 

•*>Hibino, S., On Qiromulina RosannfTii etc. Elienda p. 126. 
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TcKlas’^ das bckannte Ixjuchtmcxjs SchistosU^ga ostmindaa*a auch fur 
Ja{xin an ctvva 70 Ortcn nach^ewiesen. 

Nach dieser Sachla^c darf es nicht auffallcn, dass dcrsclhe Micro- 
or^anisrnus, dor in Eurojxi das Ijouohton dcs 1^'loisclios vcrursacht, auch 
in Japan zu Haiise ist. 

Bckanntlich wire! auch das I^nichtcn tutor I'ischo uiul aiuloroi* 
totcr Scctiere durch Photobaktoricn lx‘dingt, abor suwoit incino ICrfah- 
rimj^en-^ rcichcn, niomals durch dit‘ Flcisclibaktoric Bacterium phos- 
phoroum (Culm) Molisch ; sio allein liat sich untcr dcii rx*uclUl)ak- 
terion dom Schlachtviclifleiscli an^^epasst. 

In Go|^ensatz zu dor bosprochenen I faufi^'koit dor woiton Vorl)roit- 
tun^ niodorcr Orj^anismon stoht <lio rolativ bcschriinkto VoiFroilunj^ 
und (ior Kosinoi>olitismus hohonu* (iowaclisc, \'t)n don Farnkraiilorn 
aufwarts. 

1 lior licj 4 t die Sacho wosentlich andt:rs. Ich war boi mcinon 
botanischen Ausflu<Tcn in Japan aiifs hdehste iiborrascht, zii sol ion, 
wio lanjijo man suchon muss, bis man hier auf Pflanzcn stdsst, die 
aucli im Mittolouropa untor annaho'rnd donsolbon Ikoito^radon cinlioi' 
misch sind. 

Uber die Ursachon dieses Gegonsatzes zwischen Mikroorganismon 
und hohoren Pflanzcn godonko ich mich an oinom andern (^rto zii 
aussern. 

») 'rtjfla V\, Physiological stiulic.s »>ri Schistostoga osmundacca (Dicks) Mohi. Juuiii. «)f 

the College (»f Science, Imperial University of Tokyo. 1918. Vol. XI.. Ail. 5. 

2) Molihch II., Die I.€uchlbaktei ien im Hafcri vuii 'IVicsl. .Sitzlx-T. d. kais. Akad. cl. 

VViss. in Wien. Mathcin. nafurw. Kl. Bd, CXIII AM. T. 1904. p. 51 Jk 
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Von 

Prok Or. IIANS MOI.ISCII. 

IV. MirrKll.UNG. 

UBER DAS MASSENHAFTE VORKOMMEN VON 
EIWEISSPINDKLN IN EINER VAUCIIERIA. 

(Mix 1 Tafel) 

Als ich eine in einer an cin Rctsfeld anj^rcnzenden Wasserrinnc 
wachsendc Vaucheria-Art mikroskopisch untersuchte, ficlen mir farblosc 
spindeliorm^e Inhaltskori^er auf, die sich von den Chloioplasten dieser 
Alge durch ihre Grdssc und Farblosigkeit scharf unterschieden. 

Die Vauchcricn besitzen bekanntlich in ihrcn Zcllen, abgcsehen von 
den zahlreichen Chlorophyllkornern, Fettropfchen und viele Zellkcrnc. 
Ein Inhaltskorper aber, wie ich ihn in den folgenden Zeilcn bcschreiben 
werde, war bisher meiner Wisscns noch nicht lx:i dieser Gattung anf- 
gefunden worden. 

Entnimmt man dem Rascn ein Biischcl Faden und bctrachtet ini 
Wassertropfen bei ctwa 500 maliger Vergrosserung, so fallen nament- 
lich in den alteren Teilen, wo die Chlorophyllkdrner nicht mchr .so 
dicht Hegen wie in den jiingeren, zahlrciche farblose Spindeln auf, die 
gewohnlich mit einander zu unregelmassigen, strahligen, mehr odcr 
minder grossen Haufen vorbunden erscheinen. Sie erinnem dann etwas 
an sprossende Hefekoionicn oder anderc sprossende Pilze. Fig. 1 u. 2. 

Derartigc Haufehen konnen au.s 6-100 und mehr Spindeln bestelicn, 
die neben und auf einander in Zusammenhang bleibcn als ob sie mit 
einander verklebt waren oder aus einander entspringen wiirden. Daher 
Bieht man, wenn auf das Dcckglas ein sanfter Druck ausgeiibt wird, 
die Haufehen in dem sich bewegenden Zellsaft dahingleiten, wahrend 
die Chlorophyllkomer in Rube verharren. 

Die einzelne Spindel hat oft eine f^nge von 16 /< und in der Mitte 
eine Breite von 3.6 /*. Sie Ussen sich sehr deiitlich mael^n, wonn 
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man die Vaucheriafaden in concentricrte Schwefclsaure einlegt, Es 
wird dann abgesehen von der Membran allcs jterstort, nur die Spindeln 
bleilx^a recht gut erhaltcn und treten in dcni ziemlich homogencn 
Zcllinhalt scharf lierv’or. 

Offnet man die Zollfaden mit der Schere, so fliesst der Zellinhalt 
aus und die Spindeln werden niitgerissen» In dem ausrinnenden Saft 
iindern sie in kurzer Zcit ilirc Form, bilden unrcgelmassigo Ballen und 
sehen wie geronncn aus. 

In Kalilauge (10^^) bleibcn sie erhalten ; tl.i die Chlorophyllkorncr 
dabci /erstort werden, wird die Zelle viel durclisicbtiger und die Spin- 
dcln, die in der unvcrselirten Ichendcn ZcIlc durch die Chlorophyllkorner 
zum grossen Tcilc \'crdeckt werden. treten jetzt klar hervor. Das 
Rcagcns setzt den Zellsxift in Bewegung und da die Spindeln sich 
ebonso wie bei einem ausgeubten Druck initbewegen, darf man 
schliessen, dass sie sich nicht im Plasma sondern im Zellsaft befinden. 

Nach ihrem ganzen Ausschen und ihrer Ahnlichkcit mit bekannten 
Kiwcisspindeln, war ich geneigt, sie fiir einen Paweisskorper zu haltcn 
und versuchte daher zunachst die Eiweissreactionen. 

Die Xanthoproteinreaction gelang sehr deutlich, die Spindeln werden 
in cone, Saljxitersaure gclb. 

Die Raspailschc Reaction gab glcichfalls ein j)ositives Ergebnis, 
denn sic wurden deutlich rot, 

Der Millon’sclie Reaction unterworfeii, wurden die Spindeln ziegclrot 
und zwar ,so deutlich, dass man diese Probe geradezu dazu verwenden 
kann, urn sie in der ZeWe trotz dcr sie verschlciernden Chlorophyllkor¬ 
ner deutlich zu rnachen. 

In Methylgriin-Essigsaurc wurden die fraglichen Korper griinblau 
und coaguliercii zu unregelmassigen Ballen. In Dekifield's HamatoKylin 
bleiben sie schon erhalten und farben sich dunkelviolett. 

In absoL Alkohol vcrquellcn sie, scheinen zu verschwinden, aber 
wenn man sodann mit Osmiumsaure bchandelt, kann man die desor- 
ganisierten Spindeln an der dunkeln Farbc wieder erkennen. Fig 8. 

Alle diese Befunde sprechen grossenteils dafiir, dass die Spindeln 
aus Eiweiss bestehen* 

Aber so einfach ist die Sache doch nicht, wie sich aus Folgendeni 
ergibt. AVenn man die Spindeln mit Osmiums&ure (I 96 ) behandclt, 
so bteiben sie gut erhalten und (arben sich schwarzlich blau und zwar 
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SO intensiv, dass sic mit diescm Rcagens leicht aufgefundcn und dauer- 
haft prapariert werden konnen. Diesc Bcobachtimg crwecktc in mir 
den Godanken, dass in den Spindeln vielleicht aiich oin Gerbstofif 
vorhanden sein konnte. Allein die typisclicn Gcrbstoffreationen niit 
Eisensulfat und Eisenchlorid versagten, nur mit zitronsaurem Eisenammon 
erhielt ich ein jx)sitivs b>gebnis, sie verqiiellen darin und farbcn sich 
nach langerer Zcit blau. Kaliumbichromat-ldsung Hirbl sie gclb. Vor 
einigen Jahren haben Joachiniowitz und icli in dem DimethylaiTiinol)enz- 
aldchyd ein ausgezeichnetcs Mittel erkannt, Phloroglucin und Phloio- 
glukotannoide nachzuweisen, da sie sich darin rotv^iolctt farbcn und 
Joachiinowitz*^ hat die A nwcndl>arkcit dieses ausgezeichneten Keagens 
in Pflanzen genauer verfblgt. 

Unsere Spindeln geben nun gleichfalls mit dicscm Reagens ein 
deutlich positives Resultat, denn sie farbcn sich darin nach langerer 
Zoit unzAveifelhaft rdtlichviolett. 

Das eben erwahnte Vcrhalten der Spindeln in Osmiumsaurc. Kaliurn- 
bichromat, liisenainmoncitrat und Dimethylaminobenzaldi.hyd spriclit 
noch fiir das Vorhandensein eines andcrn Kdrix^rs, der vielleicht dem 
Phloroglucin oder den Gcrbstofifen nahesteht. liestimmtes lasst sich 
daruber vorlaufig nicht sagen, doch kann wohl mit ziemlicher (lewissheit 
geschlosscn werden, dass die H an pt masse der Spindeln a us 
einem eiweissartigen Korper besteht. Sie seien daher der 
Kiirze halber als pAweisspindeln bezcichnet. 

Will man iiber die Verteilung der Spindeln in einem Zellfaden ein 
klares Bild haben, so behandle man die frischen Faden mit Ij^iger 
Osmiumsaure. Die Spindeln farben sich dann dunkel-blaulichschwarz 
und geben sich <ladurch deutlich zu erkenncn. Die Spitze des Fadens 
erscheint oft homogen schwarzlich, vielleicht weil der fragliche Kdr|x:r 
hier in feinerer Verteilung vorliegt, erst in einiger ICntfernung von der 
Spitze tauchen Insclii von Spindeln auf, werden von hier bis zu einer 
gewissen Entfernung immer dichter und dichter, um dann wieder mehr 
und mchr abzunehmeh und endlich in dem von Chlorophyllkornern 
schon ziemlich entblossten altcn Teilen ganz oder fast ganz zu fehlen. 
Fig. 4. In den mittleren Teilen des Fadens sind die Spindeln oft so 
gedrangt, dass sie einen grossen Teil des Zellraumes crfiillen. 

O JoAchimowitz M., Ein neues Keagens auf Phloroglucin, Catcchin und ihre Deri vale 

etc. BkKbem. Ztschr. Bd. 1917, p. B24. 
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Uber die Species der untersuchteo Vauchertji kana ich'leld^ nichts 
sagen, da sie nicht fructificierte. 

Wol aber konnte ich durch Vergldche festellen, dass die Spitideln 
sich in vtelen aber nicht in alien von mir untersuchten Arten vorfanden, 
es handelt sich also um einen Inhaltskdrpcr, der entweder nur unter 
bestimmten Verhaltnissen vorkommt Oder nur in gewissen Arten gebildet 
wird. Im Herbste habe ich sie fast regelmassig ge(undeo» btng^n 
nicht im Friihjahr. Ober ihre physblogiache oder okologische Rolle 
konnen wol nur spezielle Versuche entscheiden. Ausser den beschrie- 
benen Spindeln und zeitweise auftretenden Haufen von prismenartigen 
Kalkoxalal-Kristallen kommen in dem von mir untersuchten Material 
noch andcre Eiwciskristillc vor, die aber eine von den Spindeln gana 
abwcichende Gestalt haben. Sie weisen rhombenahnKche Flachen aiif 
und sind ausserst selten. In einzclnen FMlen wiesen sie in der Mitte 
eine deutliche scharfkreisrunde Hohlung auf und ahnelten dann einer 
viereckigen, in der Mitte vertieftcn Tuschreibschale. Fig. 6. 

Wie diese Hohlung zustande kommt, ist schwer zu sagen, vielleicht 
wird durch ein proteolytisches Enzym der Kristall von der Mitte zuerst 
und in sehr regelmbssiger Wei.se al^baut. 

Schliesslich nidchte ich auf einen andem sehr merkwurcfigen Inhalts> 
kdrper Iiinweisen, den ich in derselben Vauclieria gefunden habe, die 
Spindeln enthalt. 

Untersucht man lebende Faden von der %>itze abwmrts gegen die 
alteren Tcile, so sieht man schon in geringer Entferung von der ^itze 
zwischen den Chloroplasten viele unregelmasmge Komciien von schmut* 
zig braunlicher Farbe. tig. 6. 

Ihrc Grdsse schwankt zwischen 0.8 fi-5 /i, Hau% bilden sie krume- 
lige Haofchen bis 10// im X>urchmes$er. Ihre Gestalt ist krdmmd 
Oder unr^elmassig rund. Bilden ^ aiehr oder minder grosse Haufchot, 
so ist der Umriss meist unregelmassig. Fig. 6. K. Das ^zelkom 
zeigt ein h^Ileres Innete und einen dunkeln schmalen Rand. Die 
Korncheii’^im auf den ersten Blick durch Gestalt und Faibe von rfen 
griinen Chknophyllkoniem zu uaterscheidea, dbwol ihr Inaeres bei 
scharfer ^stellung hauiig grunlich crscheiot. 

In heissem Wasaer tdeiben sie uoverfindert oder w«ndcn dunkelgtdn. 

In absdluteni Alkohol werdeh sie dunkelgrun, desg^chen in Atiier 
und Benzin. 
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In Kalilau^ (lOji) bleiben sie erhalten, unterscheiden sich aber 
von den Chlorophyllkomern dutch ihr dunkleres Colorit. In Amnioniak 
verhalteit sich die Kornchen ahnlich. 

In Salzsaum nchmen sie einc noch dunkicre Farbe an. 

Es ist inir Icider trotz vielfacher Bemiihungen nicht gelungen, irgend- 
welche cliarakteristische Reactionen mit den fraglichcn Kori^crchen zu 
erhalten und daher ist es auch ausscrordentlich schwer, cin bestimmtes 
Urteil uber die Kornchen auszusprechen. Wenn ich aber nach all 
den Eigenschaften, die ich eben angefiihrt halxi, ciner Vcrmutiing Raiim 
geben darf, so ist es die, dass die Kornchen viellcicht ein Derivat des 
ChlorophyllfarbstoflTs darstellen. 



KKKKARUNr; I>EK TAFKF,. 

Vaucheria .si>. 

Fi^, 1- 'I'eil eitit's Fadens niit EiweisHpindcln. Verg. ctwa 500. 

Fig. 2- I)it:sellx*n SpiiKlcln, etwa 1760 mal vergrOsscrt. 

0- 'I’cil eines l*'aclenH tmch Behaiullung mit Alkt»hol i\ml ()smiiimsaiirf, .•> 
die desorganisierten S[)indelii. Vcrgr. 090-* 

I'ig. 4- Vertoilung dor Eiwcisspindehi. Von tier Spit/e des Futlcns nach abw^rts 
/.iinclimentl, dann in tlcii aiteren Teilen wieder abnehinend. Vergr. ctwa 
100 . 

Fig. 5. 'IVil eincs Fadens mil Eiweisskristallen c nnd Eiweisspindeln s. Vcjgr. 
ctwa 680. 

Fig. 6. Teil oinos Fattens mit brilunlicheii Korpercbon K. Vergr. 090. 
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BOTANISCHE BE0BACHTUN(;EN IN. JAPAN. 

Von 

Pi;oi . I>K. HANS MOUISCH. 

V. Ml rrEiiArNG. 

MYCOIDEA TARASITICA CUXXINA ;1 lAM, KINK 
PAR/\SITISCHK UND PHYC( )PKI/riS P:P 1 PHYT()N 
MIIJ.ARD. KINK KPIPIIYLI.K AKCiK IN JAPAN. 

(Mix 1 T\fi:i.) 

I. Mncoidka. 

Beiin Stiuliuin der ICpiphyten in Japan iiclcn inir aiif den Hlattern 
von OunclHa* lCur3'a japonica nnd J^airya ochnacea ci^enartij^c runde 
entvvcder .stern-<jdc*r schcibcnartigc Idecke auf, die ziinachst den lAn- 
druck ciner cpiphyllcn Idechtc inachten. Sic wurden einer yenaiicn 
niikroskopischcn Untcrsnchiin^ unterworfen iind dahei cr^alj sicli 
fol^ondes. 

Mak roskopi sches. Ich will die Vcrlulltnisse so schildcrn, wio 
ich sie bei Camellia bcobachtet habe, nnd bemerke ^leich jelzt, dass 
sie bci Pairya ahnlich liegen. Camellia isl ein in Sud- nml Mittel- 
Japan haufig wildwacliscndcr liaum, der namentlich iin flalbscliattcn 
ties Waldes zusammen mit Aiicnba jaix^nica iind latsaca j^laiica Siob. 
an der Zu.sammensetziinj^ des IJntcrliolzes stellenweise cinen ^ewissen 
Antcil hat. 

Die erwahnteii Idecke, die, wie ich *4101011 vory:rcifend bemerken will, 
dnrch die Alge Mycoidea j^ebildet werden, finden sich keineswe^s an 
alien P!ixeniplaren, an solchen aber, die an rocht fcuchten nnd schattij^en 
Orten wachsen, koinmen die Aljjrcnflcckc an den alien liefer j^elej^enen 
Blattern nicht seltcn vor. 

Die A1|4C bildet an der C^berseite des Blattes rnnde, etwas erhabene 
Flecke von sehr verschiedener Grdsse ; von kleinen pnnktformi^en 
Inselchcn bis zn solchen von dem Dnrehmesser eines cm. finden sich 
alle Uberganf^e. P*ig. 1 . 
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Der Organismus wachst ahniich wie ein strahligcs Mycel von einem 
Zentralpunkt nach alien Seiten und lasst bei gcnauer Beobachtung 
schon mit freiehi Auge und noch besser niit der Lupe beilau% radiar 
verlaiifende Strange erkennen, die sich an der Spitze verbreitern. 
Fig. 2. 

Diese Strange ercheinen besonders bei jiingen RLschen deutlich^ 
bci alten werden sie, da sie hier sehr dicht bci-und uber-cinander 
liegen, imdeutlich, so dass die Scheibc itn Innern mehr gleichmassig 
aussieht. 

Der Rand ist fast stets fein gezackt» strahlig odcr gcwellt. I'ig. 
1 u. 3. 

Die Farbc der Flecke ist in der Rcgel, wenn sie alt sind, grau, 
die der jungcren an der Peripherie graugriin. Bei iilteren Flecken 
lassen sich mitunter 3 Zonen iinterscheiden, eine zentrale gelblich graue, 
cine inittlere j>urpurne und eine peripherc grausj>angrunc Fig. 1. 

Nur bei Blattern, die ganz der intensiven Sonne ausgesetzt sind> 
fand ich die Farbe der Algc orangerot, weil, wie l^ekannt, durch 
starkes licht die Carotinbildung bei den Chroolepidcen in hohem Grade 
gefordert wird. Das Carotin wird dann so massenhaft entwickelt, dass 
es das Chlorophyll fast ganz oder ganz ver^chleicrt. 

Mikroskopi.sehes. Auf Querschnitten durch jungc Raschen 
kann man sofort sehen, dass die Alge die Kutikula abgehoben hat 
und sich in dem dadurch ge.schaffcnen Raume zwischen Kutikula und 
Epidermis ausbreitet und ihn vollstandig ausflillt, Mit dem fortschrei- 
tenden Wachstum der Alge wird cin immer grosseres Areal der 
Kutikula und der anhangenden Kutikularschichten emporgehoben und 
der hiedurch geschafiene Raum wird immer durch die nachwach- 
.senden Algenladen ausgefiillt. Fig. 5. 

Fl^henschnittc j[>arallel zur Oberflache namentlich von jiingeren 
Stadien lassen erkennen, das.s die Alge vielreihige griinc fkrange biidet» 
die sich zwischen der Kutikula und Epidermis ausbreiten. Bei starkercr 
Vcrgrossening sleht man in Schnitten, die im Wasser eingebettet stnd» 
den Aufbau dieser Strange ; sie bestehen aus etwas gesti^kten Zellen, 
die Chlorophyll und haufig auch mehr oder minder reichUch Carotin 
(Haematochrom) enthalten, wie dies lur Algen aus der Oruppe der 
Chrookpideen charakteristisch ist. Fig. 4. 

Von den Algenstrangen erheben sich hau6g sdimale, mebrzeUige^ 
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spitz zulaufende Haarc, die oft reichlich mit Carotin-Tropfen crfiillt 
sind. 

U^r die Verteilungj tind Haufigkeit diescr Haare erhalt man cine 
gute Obcrsicht, wenn man cin Kaschcn bei schwacher Vergrbssernng 
( 50 ) in starkem auffallenden TJchte bctrachtot. 

Die Alge totet alsb^ild ziinachst die dariinter licgenden ICpidemiis- 
zellen, deren Inhalt sicli im Gegensatz zu den gcsundcMi farblosen Zcllen 
tief braun farbt. Ks kommt aiich nicht selten voi*. dass sich vor deni 
Absterben der Zcllen pathologischcs Anthokyan bildet und die piirpurne 
Zone, von der obcn gcsprochcn wiirde. vcrdankt ihrc Farbung solchem 
Anthokyan. 

Die pathcilogische W’^irkung crtrcckt sich dann weiter iilx;r die 
Kpidermis hinaus auf die dviriinter liegenden Pallisaden^iarcnchym- 
zellen, die besonders in <len unteren T^igen zu Icbhafter Zellteiliing 
parallel zur Oberfliichc ties Blattcs angeregt vverden und so die Bildung 
eines Korkphellogens vcranliisscn. Die Pflanze sucht sich durch das 
Korkgewebe von dem Parasiten abzuschliessen. Fig. 6 . 

In schr altcn Blattcrn kann die G-iftwirkung der Alge noch weiter 
gehen und das Ab.sterlien des Mesophylls unter l^raimbarbung bis zur 
unteren Epidermis de.s Blattes veranlas.scn. 

Die zerstorende Wirkung der Alge auf das lilattgewebe des Wirtes 
wa'rd oflenbar durch eine von Zelle zu Zelle diffusible Subsbinz bewirkt, 
denn die Alge sah ich nur zwischen Kutikula und die P^pidermi.s 
eindringen, tiefer aber nicht. 

In manchen P^allen sah ich unter aiideren als eine weitere Folge 
der lunwirkung der Alge die Bildung von eigenartigen Vcrdickiingen 
der Wand der unter der ICpidermis liegenden Palli.sadenzellen eintreten. 
Diese Verdickungen machen auf den ersten Blick den Eindruck von 
jenen Balken, wie sie von Sanio zuenst in den Tracheiden von Hipjiophac 
rhamnoides nach Art von Eeiter.spros.scn von einer Wand zur andern 
ausgespannt beschricben und wie sie sjxiter auch an anderen Objekten 
von verschiedenen Fonschern festgestellt w'orden sind,*^ Allein bei 
genauerer Betrachtung zeigt sich, dass es sich hicr nicht um das 
Eumen durchsetzendc Zelluloscbalken sondern um ringartige Ver¬ 
dickungen der Palllsadcnzellwand handclt. Fig. 6 r. 

») Die emschlflUfige T.iterator sidic fiei Ktlster E., Patholcigisciie Anatomic, 2 Aiifl. 

1916, p. aoi. 
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Dicse konnen sich dcr Grosse der Alj^eninscl cntsprechend auf 
nichr odci* minder grosse Arealc erstrecken und bilden dann auf dciii 
Querschnitt des Blattes eine parallel zur Epidermis fortlaufendc Linie. 
l^s ist mir nicht bekannt, dass cine solche patliolc^isclic Wandring- 
verdickimg, liervorgerufen durch einen Parasiten, schon friiher beobachtet 
worden ist. Anstatt eines dicken Ringes konnen sich noch im oberen 
Viertel dcr knapp untcr der Epidermis liegcnden Pallisadenzclle sehr 
zahlreiche, iingemein zafte Ringe cntwickeln, so dass die Zellhaiit in 
dicser Zone parallel zur Epidermis ringarlig gestreift erscheint, l"ig. 
0 bei b. 

Nfach der gegebenen Schilderung handelt es sich hier um eine 
parasitische Alge, die mit der von Cunningham’^ in Indien entdeckten 
Chnxilepidee Mycoidea parasitica Cungh. meiner Meinung nach ideiitisch 
oder sehr nahe verwandt ist. Der Cienannte beobachtete die Mycoidea 
parasitica an den Blattern des Mango-Baums, von Rhododendron, 
P'arnen, Croton, Tliea und Camellia ja|x>nica. 

Wenn man die Abbildung, die Cunningham von dcr Alge auf dem 
Blatt von Camellia jaix)nica gibt, mit dcr meinigen Eig. 1 vcrgleicht, 
so scheinen die P'lecke allerdings etwas verschieden zu sein. Das 
makroskopische Bild ist nicht ganz identiscli. Nach Cunningham sind 
die von Mycoidea parasitica gcbildeten Riischen blassgriin bis hell 
orange. Die Raschen meiner Alge hingegen sind in der Mitte grau 
unil am Rande triib ghin. Orange {:tnd ich sie nur an freistehenden, 
sfcirker Sonne ausgesczteii Baunien. Soweit ich beobachten konnte, 
wachst meine Alge zwischen Kuticula und lipidermis, ohne Zellen in 
die Epidermis oder in tlas darunterliegende Gewebe zu senden. Cunning¬ 
hams Alge verhiilt sich gewblmlich ebenso, vermag aber mitunter die 
Zellen auch zwischen den OberhautzelU^n tiefer eindringen zu lassen. 
Dies habe ich bei meiner Mycoidea nie beobachten konnen. 

Die erwahnten Unterschiede lassen cs aber nicht berechtigt erschei- 
nen, die in Japan von inir aufgefundene parasitische Alge als eigene 
von Mycoidea parasitica vcrschiedene Art aufzufassen. Ich halte daher 
meine Mycoidea, bevor ich Gelegenheit habe, rropetimaterial mit dem 
meinigen zu vergleichen, mit Mycoidea )>arasitica Cunningh fiir indentisch. 

O Cunnitifrlmin D. D., On Mycoidea {>arasitica, a new (Jenus of parasitic Algae, and the 
J*art, which it plays in the Kormation of certain l.ichcns. 'I'he 7'rans;ictions of the 
I.inncan Society of Umdon. 2. ser. Vtil. 1. llotany, p. .MOl. Tendon 1880. 
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Ich faml sic hishcr liaufi^ in Scncl.ii, Miitsushinia, Yania^.ita, 
lieppu auf Kyushi) und in Fiikiishima. Um Sendai traf ich sic auch 
auf den Hlattern der verwatulten, ^Iciclifalls initnergrunen Theacec 
Fur3M jaix)nica und K. ochnacea. Cunniiij^harn hat Ijcreits die intcres- 
sante l^eobachtuiij^ j>’cmacht, dass Mycoidea sicli init einern Pilz zii 
einer hetcroineron Flechtc vereinij^en kann und zwar aiif den Hlattern 
von Camellia, Wphelium und anderen Pflanzen. 

Spatei* hat VVard,'^ ziierst ohne Kenntniss von t ainnin^hams 
KntdeckunfT und Abhandlunj^, diese dem letzteren beschriebene 

h'lcchtenform der Mycoidea als Slrigula coinplanata Fee fide Rev. T. 
M. Crombie j^enau beschricben. ha* hatte Ckdegenheit titese Flechte 
Wiihrend seiner 'rati^jkeit auf Ceylon auf <len Hlattern von Coffja 
lilx-*rica, Ixora, ‘Fhea, Alemecylon, haij^enia, Anona, k'.lea^nus, Magnolia, 
Citrus, l!)uri<.>, Siden^xylon, Ouassia uiul Michelia zii beobachten und 
hat ihre Hildun^* un<I ihren Aufbau besonflers an di‘r letzten Pflanze 
studiert. 

Seine Studie scheint mir deshalb schr wcrtvoll, weil sie ebenso wie 
die Cunninghams so recht deutlich zeigt, wie sicli hier vor den Augen 
des Heobachters der synthctiscln^ Aufbau einer h'lechte vollzieht und 
dass sowohl Alge als Pilz fi'ir sich in der Natur auftreten kdnnen. 
llaher war es mir besonders interessant, dass ich hier in Japan stets 
nur die Alge vorfind nie aber einen P'h'chtenthalliis gesclnveigc denn 
A|x>lhecien beobachten konnte. 

IMlzfaden vcrschiedener Art loainen auf der Obertlaclie des Hlattes 
allerdings gevv^bhiilich fc^stgestellt werden wie dies in feuchtcii lAnderti 
iiberall der Fall ist, doch bildet Mycoidea sowi'it meine lieobachtungen 
reichen, in der Umgebung von Sendai keine epiphylle P'leclite sondorn 
lebt ohne Pilzsymbionten als parasitische Alge fir sich. Ob diese 
Tatsache niit der Natur der in Japan von mir aufgefuntlenon Mycoidea 
zusaminenhangt oder mit dem japanischen, von dem der Troi^en 
(Indien, Ceylon) wesentlich vi^rschiedenen Klima (kIci* vielleicht mit 
ilem Fehlen lies am Auf ban der Strigula-Idechte beteiligten T^ilzes, 
wage ich nicht zu cntscheiden. 


n Ward M. II., On the Structure, Ocvclopment ami I.ife-histiry of a I'ropiCitl Epiphyilu^ 
l.ichcn (Sln'tjula complanata Fee fide Rev. J. M. Or.mjhir). The J'ransaciions of iho 
r.innean Society ^>f I.ondon, January 1884 i>. 87. 
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l^HVCOPEL'nS. 

liine sehr haiifige und auf den Blattern der verschiedensten 
iinmergri'incn Pfliinzen vcrbrcitcte Alge ist Phycoj)eltis cpiphyton Mill- 
ardet, Fig. 7 & 8. Sie vvurde bisher nur in Europji*^ in den Vt^esen 
und in Baden auf den Blattern der Tanne, des Kpheus, dcr Brombeere 
und dcr Ix\skca gcfiindcn. Sic ist aljer, wic ich niich vielfach uberzeugt 
hal^e, auch in Jaixin allenthalben zu finden. Ich konntc sic nachweisen 
auf den Blattern von AucuIki jajXMiica, Pasania sp., Litsea japonica, 
Ctimcllia japonica, Sarcochilus jaj3omcus, Saccalobium Matsuran, Poly- 
jxHiium falcatuni, IwOmaria jaix)nica, Lycopodium serratum und auf dem 
bisher nur in Japan aufgefunfencm reizendem I^ubnioosc Rhizogonium 
Doz^ anum. Besonders haufig tritt sic an schattigen Orten auf. Die 
orangeroten Schcibc'n, die ihre I'arbc einer grossen Mcnge von Carotin 
verdanken, das das Chlorophyll stark veschlcicrt, sind schon rnit der 
laijK* dem Geubten zicrnlich deutlich sichtbar. 

Auf den Blattern der Camellia, Aucuba und latsea liegen die 
Schcibcn v'on Phycopeltis manchmal so dicht, dass die Oberseite des 
lilattes einen orangeroten Ton erhalt. Bei dichter l^agerung inteiferiercn 
die sich f)cruhreiidcn Scheiben und bilden klcine zierliche facherfdrmige 
Decken. 

In <ler Diagnose'^ von Phycojx:ltLs wird angeben : „ Thallus schei- 

Ijcnfdrmig, ungeCihr kreisrund, aus einer Zellschicht gcbildet, ohne 
Haare cxlcr Borsten Dies ist in den meisten Fallen richtig, aber auf 
den Blattern von Litsea japonica habe ich auf grossen ausgewachsenen 
Scheiben von Phycopltis auch kurze Haare gesehen. Diese erheben 
sich gewdhnlich senkrecht zur Oberflache oft dicht gedrangt und 
bestehen aus 1-4 kurzen Zellen, von denen die letzte blascn-oder 
eiformig angeschwollen crscheint. (Sporangien ?) Fig. 9. 

Die Haare enthaltcn aucli Qirotin und sind in folge dessen 
orangerot. In meinen Praparaten waren die meisten verschrumpft und 
zu.siimmcngefallen. Ferncr heisst cs in der Beschreibungen*^ von 
Phyco[x:ltis : „ der Thallus ohne Rhizoiden in Gegensatz zu Mycoidea. 
Gewohnlich beoixichtet man tatsachlich von Rhizoiden nichts. Aber ich 

O Migala W., Kxyptogamenllora von Deutschland, D. Osterreich und dcr Schweiz. Bd. 

2. .p. m 

2) Engler, Prantl, Die natUrl. Pflan/enfuinilicn etc, I. Teil, Abt. 2. p. KMl. 
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habc aiif diinnen Qiicrschiiittcii von niit Phycoixiltis besetztcn Blattcrn 
(TJtsea jaix>nica) niitunter gcseheii, dass voni Mittelpunkte dcr Scheibti 
ein odcr zwei ganz kurze Rhizoiden in tlie I^piflcrm»s cindringcn und 
dadurch einc Zellwandverdickiing dcr angrcnzenden Zcllcn veranlasscn. 
Fig. 9, r. Dcr Schnitt muss das Ztmtriim dcr Scheil:)e trcfifen, wenn 
man die Rhizoiden schcn will. Sic blcibcn ganz kurz imd toten die 
Epidermiszcllen nicht. 

Einc solche Phycoix;ltis-Scheibc liegt dann auf deni Blattc wic cin 
auf seiner Untcrlagc befcstigter Reisnagcl. 

Die Auffindung von Phycojxiltis in Japan zcigt wicder vom nciicn, 
dass den Mikroorganismen oft einc iingemein wcite Vcrbreitung anf 
dcr Erde zukoninit und dass sehr vide ziim Kosmoixjlitismiis neigcn. 

Neuc Phycopcltis — Arten hat Karsten*^ auf Java auf den Blattern 
verschiedener Pflanzcn gefunden und ihrc I^.ntwicklung gcnauer studiert. 

O Karslcn («. Untersuchungen UIkt die Fiunilie der (’'hrfX)le|>idccn Aniial. Jard. liot, 

Buitemorg vol. X. p. 1-66. 1*1. l-VI. 



KRKLAKUNC; DER TAFEI,. 

Fij'. 1. Blati vein ('ainellia ja[ytnioa, besetzt mil Kolonien rlcr parasitisclien Algc 
Mycciidca parasitica. Natilrlichc Gr5sse 

Fig. 2- Einc junge Kolonie von Mycoidea, sich ra<liilr ausbreitend. Vrrgr. 20. 

Fig. i?. Das Ende eine.s radi^lrcn Astes der F'ig. 2 init Ilaaren. Vergr. 80. 

Fig. 4. Mycoidea parasitica. Das Gcwelie eines I'haUusastcs mit Karolinkugeln 
in den Zcllcn, nach Keliandli ng niit Chlorulhydral. Vergr. ^^00. 

F'ig. 6. Blatl Non CaincUia jajxinica nn C^crschnitt mil Mycoidea par. in unter 
der aligeholxjiien Kutikula c, h Ilaar <ler Alge. Die Epidermiszellen e 
und das Pallisadenpurenchym p braun veifilrbt, weil durch die Alge 
getolct. Darunter korkbildendcs Phellogen ph, Vergr. 100. 

F'ig. G. /wei rallisaden/ellen von Camellia ja|H.>ni<'a, links mit dickem King r, 
rechts mit niehreien riiigartigon Zellwandveiditkungen r, Veigr. 600. 

iMg. 7. Phycopeltis epiphyton, epiphylle Alge, Fl.Vhenaiisicbl. a 600-b JlOO mal 
vergrflssert. 

F'ig. 8. Da.sselbc iin senkiecliten iHirchschnitt. Alge sil/,( der Epkleimis von 
Camellia auf. Vergr. 600. 

F’ig. 0. Dasselbe. In diesem F'alle bestelit die Alge nicht aus eincr I.nge von 
/ellen .stmdern aus 1-2 Cagen und IJaatcn h. llei r <*in scbwacher Ansat/ 
von 2 Ulii/oiden r. Vergr. 600. 












BOTANISCHK BEOBACH IIJNGEN IN JAPAN. 

V4»N 

ri«n-. Dk. HANS MOMSCH. 

VI. MITTEIIAJNG. 

PSKLJDOPLASMODIUM AURAN I'lACUM N. G. KT N. SP., 

p:inp: nkuk acrasii^k aus japan. 

(Mrr 1 Takel) 

Diagnose : Plasinocliurn cin unrcgelmassig vcnisteltcs Net/. biUlciul. 
Die Aste aus moist spimielfonnigen, beidorsoits /Aigespitztcn Myxatni>bcn 
bestehend, welclic der Proitc nach gewdhnlich in 1-8 Reihcn angourd- 
net sind. Nach und nach kricchen die Amoc^ben, sich abnindend, auf 
cinon Ifanfcn zusammen von 1/10 5/10 tnin Cirdssc und orangoroter 
Farbung. Die P'arbung (ier Zcllcn ist entwedcr diffus odor wird (lurch 
orangerote Kornchen von C'arotin bcdingl. Keint‘ scharf urnsrhriebenen 
Friichtkcjrper sondern anstatt dieser 1 laufen (Sori) von riinden Zollcn. 
Die Haufen erscheinen deni freien Aiigc als orangeroto Punkhi. 

Auf faulcndcn /ostera-BIcittcrn und Hakteriirnliauten in (rlasschak'H 
iiiit Meervvasser in Sendai, Japan. 

Schon iin Winter 1922/28 fand ich auf abgesU)rbcnon Blattern \ (^n 
Zostera marina, die im Meorwassta' in einc.r bodeckten Glasschale 
halbuntergetaucht lagcn rote tropfenartige Punktc \^on etwa 1 inin in 
Durchmesser. Spater im Juni 1928 sail ich dieselben Ikinkte auf der 
Oberflachc von Mcerwasser, das ein bedecktes (dasgefliss mit faulen 
Algen tcilweise crfullte. Auf der (^berfl.lclie dieses Wa.ssers hatte sich 
eine Haut von Baktcrien, ZAimcist von dliionsaure- und Faulnisbakterien 
gcbildet, in der sich saprobe Infusorien in grosser Zahl herumtumniclten. 
An einzelnen Stellen dieser Haut sah ich dieselben orangeroten Punkte, 
die ich bereits von den erwahnten Zostera Bldttern her kannte. 

Hebt man diese kleinen orangeroten Inscln mit eineiii Deckglas ab 
und betrachtet man mikroskopisch, so sielit man folgendes : 
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Bci schwacher Ver^rossenmg (50) bietet die Masse ein plasnia- 
artiges Aiissehen von unrcgelniassigcm Umriss. In der Mitte erscheint 
sie gcschlossen, an der Peripherie aber geht sic in cin unregelmassiges 
Netz von Asten aus, wie man sie in ahnlicher Art l>ei vielen Plasmodien 
von Myxomycetcn Ijeobachten kann. Fig. 1. 

Hei starkcror Vergrdsserung (500) erkennt man dass, die Aste sich 
aus beiderseits zugespitzten, spindelformigen Myxamtiben zusammen- 
setzen, die der Breite nach in verschiedener Zahl beisammen liegen. 
Fig. 2. Sind sic einreihig und stellenweisc auscinander geriickt, so 
lassen sie den Zusammenhang durch einen Plasmafaden erkennen. 
Fig. I3a. Ihre I^nge betragt 8-11/i. Nach und nach runden sich 
die spindelf(3rmigcn Myxamoben ab, kricchen iil^er einander, sammeln 
sich in einem kleinen und schliesslich in einem grdseren Haufen an, 
(P'ig. 4) der sich durch orangcrote Farbe auszeichnet. 

In dieser plasmaartigcn Ansammlung kann man insbesondcrc am 
Rande, bei Druck a'uch im Innern die Zusammensetzung aus runden 
Zellen leicht erkennen. Bei sehr starker Vergrdsserung (1050) zeigen 
vide 2^1lcn 1-3 runde oder ctwas gcstreckte oder unregelmassige gelbe 
Kornchen (Fig. 5), die die orangcrote Farbe des Myxamdbenhaufens 
bedingen. Die Kornchen geben die Karotinreaktionen,'^ Auftallender- 
weisc findet sich der gelbe Farbstoff in den Spindelzdlen nicht in 
Form von Kornchen sondern in diffuser Verteilung vor. 

Zur Bildung bestimmt geformter, scharfumrissener Fruchtk6r|ier 
kommt es bei unserem Organismus, soweit ich an meincm sparlichem 
Materiale beobachten konnte, nicht, sondern die P3ntwicklung findet in 
der Bildung von grds.seren Anhaufungen von sich abrundenden Myxa- 
moeben, die man als Sporen auffassen darf, ihr Endc. 

Myxoflagellatcn werden nicht gebildet; aus diesem (irunde sowie 
auf Grund der gegebenen Beschreibung unterlicgt es wol keinem 
Zweifel, dass hier eine ncue Gattung der Acrasiaceae vorliegt, die in 
niehreren Punkten von den bisiier bekannten Gattutigcn und Arten 
abweicht. Ihre Farbe, beruhend auf der Anvvesenheit von Carotin 
und ihr Vorkommen auf fauligen Objekten des Meerwassers macht sie 
besonders interessant, umsomchr als bisher Acrasiacecn nur in Europa 
gefunden wurden und Vioch nicht in Japan. 

O Molitich if., Mikrochemie der Pflanase. X Aofl. p. 262, Jena 1023. 

2) Englcr-Prantl, Die natiirl. PAanaenfamtiicn. 1. Tcil. AU. 1. 1807, p. 2. 
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KRKLAKUNG DER 

Pscudoplasinodium aurantiacuni n. ct n. sp. 

Eif;. 1. Myxamoel)enhaufcn mit nct/arlifjcn, phtsmodicnartigen Aus/wcigungeii 
Vgr. 60. 

Fig. 2. Kin Tcil der netzarligon AiJs/.\vciguugt‘n, .sti'Irkt^r vergrOsserl, die spindel- 
fSrmigcn MyxamoelHjn /cigend. Vgr. 600. 

Fig. 2. Ein 'Peil der Fig. 2 luxh stTirkcr vergriwsert. Die M>x.'imoeben hJlngcn 
tlurch l*la.smaf?Ulcn iici a /u.saminen. \^gr. 1050. 

Fig. 4. Beginiiende Anh3.ufung der Myxamoel>cn uritcr glcichzeitigcr Abruiulung 
dieser. Vgr. 600. 

Fig. 6. Einzelne rundc Myxanuicljcn mil gt lljcii ( arotin-Kornclicn. Vgr. 1060. 




BOTANISCHB BEOBACHTUNGEN IN JAPAN. 

Von 

Pk<.|'. Dk. flAKS MOUSCII. 

VII. MITTEILUNG. 

CBER WACHSI.1EBENDK (CICROPIIILE) PILZIv 
(Mrr 1 Tafel) 

1 . 

Die I^ikalisation des Pilzks tjei Bamdunseicn, 
nEDINfJT DUKCH WaCHS. 

l£s gibt wenige Pflanzcn, die einc .so ausserordentlicli vielsciti^^u 
Verwendung finden wie die Banibusa- und verwandte Arten. Die in 
Japan einheimischen und eingefuhrtcn Bamhuscn umfassen 5 Gattiingcn 
und 32 Arten und unter dicsen gibt cs einigc, dcrcn Stamm wegcn dcr 
eigenartigen Farbe <xler dcr flcckenartigen Zcichnungen hocbgcschalzt 
und zur Hcrstellung verschicdencr (iegcnstandc vcrwendct wcrdcn. l^s 
sind dies die sogenannten „ Flecken-odcr Buntbambusc.” Wir ver- 
danken Kawainura*^ daiiabcr cine wertvolle Abhandlung, in cier er 
unter anderm zeigt, dass sicli die genannteii Bambuse in 2 Griipix^n untcr- 
bringen lassen : die einen vordanken ihre auffallciKie Fad3e bestimmten 
parasitaren Pilzen und die anderen verschic.denen I'arbstofifen. 

Die folgendcn 2^ilen verfolgcn dcr Zvveck zu zeigen, dass mane he 
weit verbreitete Bambusen P'leckc an bestimmten Stellen 
des Rohres aufwciscn, die diirch einen l^ilz von schwarz- 
brauner Farbe hervorgerufen werden, und dass dieseeige- 
nartige I^okalisation des Pilzes durch eine lokale Auschei- 
dung von Wachs bedingt ist, das dem Pilze zur Nahrung 
dient. 

Bei manchen Bambuseen tritt knapp unterlialb des Knt>tens cin 


1) Kawamura S., Uber die Iflccken-Buntlmnihuse. The Journal the 0>llq»c of Scienre. 
Imperial University of Tokyo, Jaiian 1907. Vol. 23-, Article 2. 
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dunklcr Ring auf, der von dem Griin oder Gelb des Internodiums 
absticht. Diescr Ring kann entweder von Anthokyan herriihren und 
ist dann tief dunkel, fast schwarzviolett oder er ruhrt von einem 
unbekannten sterilen schwarzlichen Pilz her und ist dann schwarz, 
Solcho Pilzringe treten haufig bei Arundinaria Chino, Fig. 4 r, 
auf. 

Was ist nun die Ursache dicser cigenartigen, auf den ersten Blick 
nicht rccht verstandlichen Ijokalisation des Pilzes. Die Ursache ist, 
wie ich gefunden habe, die Wachskrustc, die in Form eines Ringes 
den Stengel urnsaumt. Hicr findet der Pilz seine Nahrung und deshalb 
siedelt er sich gerade an diesem Orte an. 

Viele Bambuscen entwickeln an den Knoten deutlichc Wachsringc 
und tnanche baumartigen Phyllostachys so schone, dass sie schon von 
weitcin sichtbar sind. Diese Wachsringe wirken geradezu dekorativ 
und die Schonheit eines Bambuhatns mit seinem vom Winde leicht 
bewegteni Ge^te und seinen elastischen Stammen, die den Kiinstlcr 
wie den Forscher inimer wiedcr gefangen nimmt, wird durch den 
schneewetssen Wachsreif an den Knoten nur noch gesteigert. 

Mikroskopisch betrachtet entpuppt sich der Wachsring als einc 
diinne Wachsschichte, die senkrecht zirr Oberflache gestreift, doppel- 
brechend und kristallinisch ist, Sie ist leicht in heissem Alkohol 
loslich und fallt beim Abkiihlcn in Form von Naddn und Hauten 
wieder aus. 

Eine eigenartige LokaKsierung des Wachses fand ich bei Arundi¬ 
naria Chino. Oberhalb jedes Knotens findet sich (hn Herbste) ein 
strohgclber, das Internodium auf etwa ^ cm Test und ganz umschlie- 
sendes Scheidenblatt vor und unter diesem ist die Wachsentwicklung 
eine so deutlichc, dass man nach Wegsehaflung dieses Blattcs seinen 
ehemaligen Umriss an dem weissgrauen Wadhs gfut ericennt. Pig. 4. 
sb. Knapp untei+ialb des Knotens tritt auoh bei dieser Art der sdion 
besprochenc Wachsring auf. Der erwahiite WachsiSberzug zwischen 
Scheidenblatt und Stamm verhindert das Eindringcn des Rcgcn- und 
Tauwassers, vieHeicht, um die am Grunde dcs Internodiums fest 
umschlossene Axillarknospe von der Luft nicht abzusperren und deren 
Atimmg i^ht zu heimnen. 

Er wir<|^ oft von einem schwarzen Pilze besiedelt, so dass die 
betreffende ^ vom Scheidenblatte bedeckte StcUe nach Entfemung dcs 
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ScheidenblattCB ganz oder teilweise schwarz ist und den friiheren Umriss 
der Scheide noch deutlich erkennen lasst. Fig. 4. sf. 

Der Pilz kann auch iiber die Scheide hiiiaus den iibrigen Teil des 
Ihtemcxltum.s in Form von einzelnen Fleckcn besiedeln und so eine 
dekorative Wirkung hervorrufen. Fig. 4. a. 

Kehren wir nun nach dieser kurzen Abschweifting iiber Wachs- 
Oberzuge wietier zu den schvvarzlichen Staniinringen dor Knoten von 
Arundinaria zuriick. 

Man kann sich leicht uberzeugen, dass der diinkle Ring diirch das 
Myzel cines Pilzes gebildet wird. P> l^st sich mit dem Rasiennesser 
leicht stiickweise glatt von der Epidermis abhclxjn. Die Stiicke bestehen 
aus der Wachskruste, auf und in der cin eigeiiiirtig gefarbtes. vielfach 
verzweigtes Myzel wuchert. Ks bcstcht aus verzweigten, zii einem 
tinregelmassigcn Netz vereinigten Faden, die sich aus rundlichen Zellen 
zusammensetzen und im durchfallenden Lichte unter deni Mikroskoix: 
in schmutzig schwarzlich griiner Farbc erscheinen. Oder der l*ilz 
bikiet mit. seinen Faden eine braune bis schwarzbraune geschlossene 
Haut von Psciidoparenchym. 

Das Pilzgewebe wird schr deutlich, wenn man Stiicke de^s schwarz- 
lichen Uberzugc.s in einem Tropfen dest, Wa.ssers einbettet, mit 
einem Deckglas bedeckt und bis zur Blascnbildimg erhitzt. Das die 
Unterlage bildendc Wadis schmilzt, tritt in Form v(»n inehr oder 
minder grosseii Ballen aus dem IBereich des Pikes in die Umgebung 
heraus und dcr nun vom Wachs grossenteils befreite Pik gestattet 
dann einen viel deutlichcrcn Einblick in seinen Bau. Verwendet man 
anstatt des Wassers absoluten Alkohol, so faJlt aus der Losung bci 
dem Abkuhlcn das Wachs entweder in Form von Niidclchen oder 
Nadeldendriten aus. Pis gibt Bambuseen, wo der Stamm vollkornmen 
schwarz ist, wie bei Phyllostachys nigra, Munro und die dcr schwarzen 
Farbe wegen sehr geschatzt warden. Hier ist aber nicht ein Pik die 
Ursache der schwarzen Farbe sondem ein pWobaphenartiger Korper 

U Bei manchen Arundinaria-Arteti helH sich bei iin Krcien ein.Hciti(f l>clcuchtctcn 
Halmen die i^idemis an der Lichlseilc sponhm al), ohne dass sic abflllt, und diese 
abgehobene Oberhant erweekt den Eindruck, als ob dcr Stenf^l an dieser Sicllc v<m 
einer Wachsachkhte bcdeckl wfire. lUer erscheint der 8ten|^l grau. 

Unterhalb dcr abgehobencn Epidermis liegen dicke Schichten von Sclerenchyinfa-sern, 
die aber kein Phellogen hilden und nun die Roltc des Schut/rs flir das intiere 
fkammgewebe Ubernehmen. 
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von dunkelbrauncr Farbe, der die Zellen der Epidermis und die 
darunter liegenden Zellen vollends erfiillt. Ini crsten Jahre sind j^lche 
Stammc grun, im zvveiten werden sie schwarz. 

Dass auch Anthokyan sich haufig an der Farbung der Stengel 
mancher Kambuseen z. B. von Arundinaria-Artcn beteiligen kann^ 
wurde bereits friiher erwahnt. 


II. 

RE(iELMASSlGES AurrRETEN WACHSLIEBENDEK 

a) Acer riifinerve. 

Als ich die vielfach innigc Beziehung von VVachs und dem Auf- 
tretcn dcs schvvarzen Pilzcs sah, begann ich mich umzusehen, ob sich 
dicscr Zusammcnhang nicht auch bei anderen Gewachsen feststellen 
liisst und solche waren bald gefunden. In erter Linic mcichte ich d«i 
3 Pflanzen ncnncn, die von vcrschiedenen Gesichtspunkten ein nichr- 
faches Intercsse gcwahreii und diese sind : 

Acer rufinerve, Lindera umliellata und Daphniphyllurn macrojxxlum. 
Iktrachten wir zuerst die genannte Ahornart. Ks ist eine auffallcnde 
P>scheinung, dass die Obcrflache der ein- oder mehrjahrigen Zweige 
regclmassig schvvarz erscheint Wenn der Zweig noch jung ist, ist 
er von einem VVachsreif bedekt, aber schon im f lerbste wird er dunkel, 
im zweiten bis sechsten Jahre noch dunklcr bis er cndlich schvvarz 
wird. 

Die schwarze Decke kann, mit freiem Auge betrachtet, den Zweig 
gleichmassig einhiillen oder sie erscheint insel- oder streifenartig und ist 
durch griine Particn untcrbrochcn. Im letztcren Fallc, der besonders 
an kinderarmdicken Stammen zutage tritt, erhalt die Obcrflache des 
Stammes eine eigene Zeichnung, die an die Haut gewisser Melonen 
erinnert. Der Japaner bezeichnet daher diesen Baum in sehr treffender 
Weise als ,, Mclonenhaut-Ahorn oder urihada-kaede.’* 

Die erwahnte Schwarzfarbung riihrt nun auffallenderweise von 
einem ahnlichen Pilz her wie er im Wachs der Bambuscen gefunden 
wurde und dieser Pilz fehlt, soweit meine darauf konzentrierten 
Beobachtungt^ reichen, niemals dem genannten Ahorn. Er 
gchort einer Torula an. 
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Die Art, wie er sich auf der Epidermis cinnistet, bietet avich anato- 
misches Interesse. Auf Obcrfl^hcnschnitten der Oberhaut sieht man 
bei schwacher Vergrosserung, der I/ingsaclisc parallel, Gruppen zahl- 
reicher dunkler Streifen, zvvischen denen inehr oder minder brcitc 
spindelformige Gruppen von mchr gleichmassiger Schwarzfarbung 
liegen. Fig. 1. 

Wic sich bei starkerer Vergrosscrung zoigt, stellen die paralellen 
Streifen Pilzlinien ss dar, die in entsjircchendcn, von der aussercn 
Zell wand der Epidermis gebildetcn Rinnen eingebettet sind. Fig. 1. 
und 2 ss. 

Der Querschnitt diirch die Epidermis lasst keinen Zweifel daruber. 
diiss das Pilzmycel die Rinnen in dcr Wand der Oberhaiitzellcn aiis- 
fiillt, Fig. 3, s. 

Acer rufinerve gehdrt zu jenen Hoizgcwachscn, die ihre Epidermis 
vide Jahre bchalten, bevor sie zur Pcridermbildung schreiten, imd die 
die Au.sscnwand dcr Oberhaut ungemein vcrdicken. 

In folge des Dickenwachstiuns des Stammes entstehen Spanniingcn, 
die zu einem Aufreisson der sproden Kutikula und der Kutikularscliicli- 
ten in der Querrichtung fiihren. 

Die Dingsrinnen finden sich schon normal an dem jungen einjah- 
rigen Stamm und werden durch die starke Wolbung der P^adermiszell- 
aussenwand verunsticht. Durch Spannungen konnen sic noch breitcr 
und tiefer werden und die Querrinnen verdanken ihre Entstehung 
hauptsachlich solchcn Spannungen in der Epidermis wie sic in Folge 
des F'lachenvvachstums der Rindc eintreten. 

So wic cin Riss in der Zcllwand entsteht, nistet sich alsbald der 
Pilz darin ein und fullt die gcbildctc Rinnc nach und nach volltandig 
aus. Dahcr die schwarzen oder besser gesagt die schwarzbraum n 
Linien. Fig. 1 und 2. ss. 

Bald entstehen aber zwischen den Eangsrinnen auch Querrinnen, 
diese werden im Eaufe der Zeit linger und breitcr und gleiclifalls vom 
Pilze besiedclt, so dass melir vveniger grose Querstreifen entstehen. 
Indcm von dicsen der Pilz schlicsslich auf die dazwischen liegendon 
F'elder iibergreift, wird ein solches Feld immer dunkler und erscheint 
schliesslich dem freien Augc ganz schwarz. P*ig. 1 und 2, m. 

Wird cin etwa daumendicker Stamm mit dcr Eupc; bctrachtet, so 
erscheint seine Oberflache unregclmassig gefeldert, teils lings- toils 
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quergcstrrift. Die langsgestreHtett Partien machen den Eindruclc der 
jungen etngeschobenen Epidermistelle, die quergestreiften den der alleli. 
Diese Felderung hangt wohl mit dem Flachenwachstum der langlcbigen 
Epidermis zusatnmen und es liegt die Annahme nahe» dass das 
Flachenwachstum der Epidermis nicbt gleichmassig an alien Punkten 
des Oberhautmantels erfolgt sondern inselartig, so dass zwischen die 
schon vorhandenen alteren Epidermistelle neuc jiingere eingesclioben 
werden. Ks ware zu wiinschen, dass das Flachenwachstum der aus- 
dauernden Epidermen nicht bless bei dem eben bcsprochenen Acer 
riifincrve sondern im Zusammenhange auch bei anderen Holzgcwachsen 
(Viscum, Lindera, Aiicuba, Daphniphyllum etc) untersucht wairde. 

Niemals habe ich gesehen, dass der Pilz iiber die Kutikularschich- 
ten hinaus in das Lumen der Zelle eingedrungen ware, er bleibt 
stets ausserhalb der lebenden Substanz und ist daher als ein Epiphyt 
zu betrachten. 

Der junge Zweig crscheint, wie bereits bemerkt, mit einem weisslich 
grauen Wachsiiberzug uberz<^en. Dieses Wachs stammt aus der 
ausseren Epidermiswand, die auch spater, wenn der Zweig schon vom 
Pilze besiedelt ist, ungemein vicl Wachs' enthalt. Wenn man einen 
Flachenschnitt der Epidermis mit Acthylalkohol unter Deckglas bis 
zuin Sieden erhitzt, so tritt das Wachs in Form kristallinischer Ballen, 
Kiigelchen, Nadelchen oder Dendriten von solchen aus. Das eigen- 
artige Auftreten dieses Pilzes erkl^ sich aus seiner Vorliebe 
Wachs, das er, wie noch weiter unten gezeigt werden soil, als Nahrung 
verwertet. 


b) Lindera umbcllata. 

Als ich eines Tages in einem japanischen Restaurant sass und die 
am Tische befindlichen Zahnstocher betrachtete, fid mir auf, daSvS auf 
einer Seite die obere Halfte holzfarben, die untcre Halfte aber schwarz 
war. Die Sache begann mich zu intcressieren, ich ging der Sache 
nach und fand, dass die Zahnstocher von Lindera umbcllata und die 
schwarze Farbe von einem schwarzbraimcn Pilz herriihrten, dessen 
Hyphen die Rindc hautartig umspannen. Alle, die ich uber die 
Ui^che der dunklen FSrbung fragte, dachten nicht an einen Pilz, 
sondern meinten, dass cSe schwarze Rindenfarbe der Lindera eigcntumlich 
set also zum Artcharakter dieses Baumes gehore. 
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Der Stamm von Undera wird aus 3 Griinden /Mr Herstellunj^ von 
Zahnstochern herangezogen. 1. ist das Holz hart, 2. hat es einen 
sehr angcnehmen aromatischen Geruch iind 3. hat die Rinde die 
schwarzc, durch einen Pilz hervorgerufcne Karbc, die hier ahnlicli wie 
bci den Buntbambusen als Ornament wirkt. Schon die einjahrigen 
Zweige sind grossenteils schwarz, stellcnwcise grun. Durch den 
Wcchsel von Schwarz und Griin kommen schonc wolkenartige Zeich- 
nungen zustande. 

Die dunkle Farbi: nimint mit dem Alter zu, wird, wenn der Zweig 
fingerdick ist, kohlschwarz, spatcr wird er schwarzlich braun. Lindcra 
gehort namlich auch zu jenen Geholzen, die ihre Epidermis mehrere 
Jahre behalten. Diese wird t)ald niit detn schwarzlichen Pilz mchr 
Oder weniger bedeekt und wird daher scliwarz. VVenn aljer spater 
schliesslich die Oberhaut abgcworfen und durch I^eriderm ersetzt wird, 
so macht die schwarze Farbc einer mehr braunen Platz, weil sich der 
Pilz auf dem Korke nicht gut entwickelt. Selbst an dem einjahrigen, 
noch griin erscheinenden Zweig ist der Pilz schon vorhanden und bci 
mikroskopischer Beobachtung sieht man, dass er sich ahnlich wie beti 
Acer rufinerve, in den parallelen Rinnen der T^pidermis einnistet imd 
dadurch die schwarzbraunen Langsstreifen hervorruft. Diese liings- 
rinnen sind bei Lindera nicht so rcgelmassig wie bei Acer. Senkrecht 
zu diesen I.,^g$rinnen entstehen durcli S[)annungsunterschiede yucr- 
sj)alten, die ebcnfalls von dem Pilze bald besetzt werden. Von dicsen 
TAngs- und Querrinnen greift der Pilz nach und nach auf die 
Zwischenfelder iiber, das Pilznetz wird immer dichter, so dass schliess* 
lich die, Oberflachc des Zweiges kohlschwarz wird. 

Die Mycelfadcn erscheinen bei einer Vcrgrosscrung von etwa 300 
braun, septiert und schliessen endlich hautartig zusammen. 

Der Pilz, um den es sich hier handelt, ist cine Chaetophoma-Art. 
In den Waldern von Sendai habe ich niemals die Zweige von 
Lindera ohne diesen Pilz gesehen, ich darf sageii, cr ist hier 
einc normale Erscheinung, ob auch anderwart.s, bedarf weitercr 
Beobachtung. 

Warum aber siedelt sich der Pilz auf der Oberhaut so regelmassig 
an ? Ein Wachsreif ist allerdings hier nicht zu sehen, aber in der 

O Ftir die gQtige ReMtimmun^; dieses wid einiger anderer erwahnton Wachs lielwnden 

Pilze bin ich Herrn ProiT. M. Shirai m grossem Danke verbunden. 
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aassereti, ungcmetn dtcken Zellwand tst ebenso wie bei Acer ruimerve 
sehr viel Wachs eingelagert, wovon man sich in derselben Weise 
uberzeugen kann, wie ich cs fruher fur Acer geschildcrt babe. 

c) Dapbniphyllum macropodum« 

Der cinjahrige Zweig ist zunachst grtui) ist aber schon mit einzelnen 
schwarzen, mit freiem Augc sichtbaren Punkten besetzt. Diese ent- 
sprechen einem runden, flach ausgebreitetem Pilzmycel oder dem 
F'ruchtkorper eines solchen. 

Der zwcijahrige Stamm erscheint zum Teil griin, zum Teil schwarz 
Oder in Folge einsetzender Perldermbildimg braun. 

Die schwarze Farbe kann sich schon auf grosscre Arealc erstrecken 
und wenn man mikroskopisch pruft, sieht man, dass die schwarzen 
Bezirke von einer geschlossenen Haut mit runden Fruchtk6rpem dcs 
schwarzen Pilzes gebildet werden. In dieser kann man auch die 
schwarzbraunen Langsstreifen erkennen, die wir schon bei Acer und 
Lindera beschrieben haben. 

Die Unterseite der Blattspreitc ist mit einer deutlichen Wachsschich- 
te iiberzogen und zeigt sehr hau% schwarze Punkte, die demselben 
Pilze angehoren, der sich auf der Stammepidermis vorfindet. 

Us ist bezeichnend, dass der Wachsreif dort, wo die Pilzkolonien 
dichter liegen, vcrschwindet, cin deutlicher Beweis fur die Beziehung 
zwischen Pilz und Wachs. In Folge des Verschwindens des Wachscs 
wird die betreffende Blattstelle mehr grun» im Gegensatz zu den mit 
Wachs noch uberzogenen Stcllen, die weisslich grau bleiben. 

Der hier in Fragc kommendc Pilz ist Leptothyrium Yoshinagai P. 
Henn. Nach den gemachten Erfahrungen diirfte es nicht schwer 
fallen, noch andere B»:ispiele fiir die, innige Beziehungen zwUchen 
gewissen Pilzen und ihrem Vorkommen auf Wachsausscheidungen oder 
von Wachs reichlich durchsetzten Membranen zu finden. 

d) Ein Pilz auf Glaskitt 

Im Anhange sel noch einer Beobachtung gedacht, cKe ich in einem 
neuen Gew^hshaus dcs botatiischen Garten der Univetsitit Sendatt 
gemacht liabe und die mit unserem Thema zusarnmenhangt. Es fel 
mir auf, dass der KItt, der die Gfaistafeln in dem Rahmwerk der 
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Feiifcstcr tcsth&lt, in den warnicn, sehr feucht gchaltencn Abteilungen 
seine gellbraunliche Farbe einbiisst und an der Oberflache eine glcich- 
massig schwarze Farbe anmimmt Die niilcroskopische Untersuchung 
lehrtc, dass die dunkle Farbung von etnem Tilzc herruhrt, dessen 
ttyphen mehrzcllig und braunvvandig sind und rundc einzelligc Sporon 
erzciigcn. 

Ich vermutetc auch hier eine innige Beziehung zwisclicn der chetni- 
schen Zusammensetzung der Substrates und dem Auftreten des Pilzes 
und als ich niich nach der Herstellung dieses Glaskittcs erkundigte, 
erfuhr ich, dass er der Hauptsache nach aus Kreide und ()l also unter 
anderm aus cinem Fctt hergestellt wird; OfiTenbar verwertet der Vih 
das letztere als Nahrungl 

Ober die Kultur von Pilzen auf VVachs. 

Wenn indne geaussertc Ansicht richtig ist, d.iss das VV^achs die 
Ansicdliing bestimniter Pilze begiinstigt und fiir diese cine Nahrungs- 
quelle darstcllt, so muss cs auch gelingen, diese Pilze auf VVachs zu 
kultiviercn. Um dies zu prufen* ging ich in folgender VVeise vor. 

Ala Nahrboden verweiulete ich Scheiben von Filtrierpapier, die init 
gelbem Bienenwachs, wie es kauflich zu erworben ist, getrankt waren 
und auf Ixitungawasser schwammen. 

Zunachat wurden sterile Petriachalen, die mit sterilcm Ixitungswasser 
gefuHt waren, vorbercitet. Sodann wurde eine sterile kreisrunde P'iltrier- 
papicrscheibe in das heisse geschmolzene VVachs cingotaucht, licr- 
ausgezogen, abtn^fen gelassen und auf das Wasser in die Petrisclialc 
eingelegt. 

Das Wasser halt den Kaum der Pctrischale feucht, das Papier von 
unten nass uhd bald biWet sich ein feiner Tau auf dem Papier, der 
dem l*ilz das notige Wasser liefert, Um das Verdampfen des Wassers 
aus der Schale moglichst ui verhindern, wurden die Petrischaten in 
grosse Kristallisierschaleh mit uberklappbaren Deckel gestellt, deren 
Boden mit eineir diinneq * Wasserschichte bedeckt war. 

Die'Impfung wurde in der Weise voi^enoramcn, dass einige kleine 
kaum millimetergrosse Pragrn<^nte der den Stengel uberziehenden Pilz- 
haut mit einem sterilen Skalpell abgelost und auf das Wachspapier 
gebmcht wurden. Die Kulturen standen bei Zimincrteniperaturen an 
einem Nordfenster im dtffusen Uchteu 
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a) Vcrsuchc mit dem schwarzen PiU von den Knoten 
der Arundinaria Chino. 

Beginn des Vcrsuchs am 20. Febr. 1924. Geimpft warden 10 
Petrischalcn. Schon nach 9 Tagen war Entwicklung imterm Mikroskop 
zu bcmerken. Am 26. Marz also etwa cinen Monat spater waren 
niakroskopisch 2 verschiedene Pilzc von schwarzlichcr Parbe zu 
unterschcidcn, der cine (A) wuchs direkt aiis den mit freiem Auge 
sichtbaren Impfstiickcn hervor, fruktificierte nicht imd glich in seinem 
Aiissehen dem Pilze an tien Knoten. 

Der andere (B) bildete schwarzHch graue, bis ^ cm grosso kreisrunde 
Kolonien iind produzierte rcichlich runde Conidien. 

Pis ist bemerkonswert, dass, obwohl die Impfmasse verschiedene 
Keime enthalten haben durfte, doch nur diese beiden Pilze aiifkamcn, 
sogar das fast allgegcnwartige Penicillinm, das in Reinkulturen diirch 
seine Aufdringlichkeit so haufig storend cingreift, blieb meistens aus. 
Das gclbc Wachs fuhrt also zu einer elcktiven Kultur, nur 
ccrophile Pilze kommen auf Wachs gut fort und daher 
behaupten sie hier allein Oder fast allein das Feld. 

Wahrend wach.sliebende Pilze auf gelbcm Wachs gut gedichen, war 
dies l^eim weissein Wachs nicht der P'all, wcil wahrscheinlich beim 
Bleichprozess Substanzen gebildet fxJer verwendet werden, die flir den 
Pilz .schadlich sind. Auf ^Butter kanien sie in analog durchgefiihrten 
Kiilturen glcichfalls gut fort, sie licben nicht bloss Wachs sondern 
auch Fett. 

b) Versuch mit dem Acer-und Lindera-Pilz. 

Auch in den auf gelben Wachs vorgenommenen Kulturen treten 
je zwei schwarzliche Pilze auf, ein fruktifizierender, Conidien bildender 
und ein nicht fruchtender; der erstere w'ahrscheinlich identisch mit 
dem schon bet Arundinaria erwahnten Pilze B. 

Die vorstehenden Versuchc haben also mit Sicherheit ergelx^n,. 
dass es Pilze gibt, die sich auf Bicnenwachs entwickcln 
und gedeihen und da solche Pilze auch in den Wachsuber- 
zugen ;:^er genannten Pfianzen vorkommen, so ist der 
Schluss gestattet, dass .sic auch untcr naturlichen Ver- 
liaitni.ssen das Wachs zu ihrer Nahrung verwerten und 
sich in diesem sonderbaren Substrat mit Vorliebe ansiedeln. 

Zum Schlusse mochte ich noch zweier Pilze Erwahnung tun, die 
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ich auf alten Blattcrn von Aucuba j‘ajx)nica unci Litsea ja[K)nica 
nainentlich an feuchten Orten fand und die auf der Obcrscite dor 
Blattspreite 1-6 mni breite kohlschwarze runtlc Flecke bilden. 

Die Hyphen des Aucuba-Pilzes zei^en ninde sackartij^e Haft- 
sclieiben, die die Pilzfaden an der P'pidcrniis ausgezciclinet befcstij^cn 
und so die Anpassung des Pilzes an die parasitischc T^benseweise 
deutlich bekuiiden. Fig, 5. Der Aucubapilz gchort nach Tanaka’^ 
zur Gattung Asterina, konnte aber mit kcinei* bekannteii Art identificiert 
werden. Am meisten ahnelt er der Art fimbriata. 

Auf lAtsca-Blattern finden sich gleichfalls solche kohlscliwarzc 
Pilztupfen und ilire Hyphen erzeugen auch Haftscheiben, die aber 
mehrfach gclappt und fur den Litsea-Pilz ungemein charakteristisch 
sind. Fig. 6, h. Tanaka bcschrcibt einen auf d<ai Blattern von 
Cinnamonuni i)odunculatuin vorkommenden Pilz und stellt ihn zur 
Gattung Dimerospcirium. Dor von mir auf f-itsea gebundene Pilz stiinnit 
mit der Gattung Dimerosporium uberein. 

Die Kiiltur dieser Pilze auf Bicncnvvachs war nicht von Erfolg, sie 
sclieinen deninach von Wachsiiberzugen imabliiingig zu scin und in 
der Tat fehlen ja auch solche auf der Oberseite der J^latter dieser 
Pflanzcn. 

O Tanaka K,, Verglcich <lcr Gestalt und der Entwicklurig der die die sehwarzen 

Flecke auf den jHlRttern von Aucuba japonica, Thea japonica und Cinnamoimim pedun- 
culatuiii bilden. Botanical Magazine. Tokyo 1888, p. 50- 
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Fig. 1. Acer rufinerve. Stfttnmoijerhaui init dunkeln parallelen Streifen h, XUese 
entsprcchen Rinnen in der fltiiteern KpidenniszeUracmlx’an^ die von dem 
Til/ ausgefUllt ftiiid. Wenn die Epidermis alt wird, ist sie mchr gleich- 
mflssig vom PUze lU^erzogen, hu l»ei dein mittleren Teil m. Vergr. 50. 

Fig. 2. Ein Stdck von Fig. J. Atnrker vergrfl».sert. s |>aratlele Pilzstreifen, m Sltere 
Partie der KpidcrmM mit dem PSlase tiberzogen. Vergr. <100. 

Fig. :i. <^uerschnitt der f^tammepidermis scnkrecht zur tilngjsach.se des Stammes 
von Fig. 2. Die Pilzatreifen s der Fig. 2 entsprechen Rinnen In der 
Kutikiila uml den Kutikularscliichten mit dem Pil/. Bei m die inehr 
gleichmftssige Bedeckiing der Epidermis nilt dem Piiz. Vergr. 800. 

Fig. 4. Drci Italmc von Arandinaria Chino. Alle 8 zeigen koai|)p unterhaU> der 
Kdoten schwarze Hinge r, bCAtehetid aub dem Pilz. Er siedeh sich dort 
AO, well hier Wachs in grdasern Mengeii gebildet wird. Acich iinter 
dem HcheidonbUitt sb wird inebr Wachs pruduziert und dem enUpretchend 
liilufl sich hicr der Pilz. Die Umgrenzung des entfernten ScheidenWaUes 
wird durch den I*ilz deutlich wiedergegeben. Siehe den mittlcrc?! Ilalm 
tici bb- Der Pflz kann sicli auCh unterhalb des Knotenringes ansfedeln 
z. B. a. Nal. GrOsse. 

Fig. 5. Aucuba japonica. Blabjbethaut, l^edcckt von dem epi|>liyt]»chen l*flz 
Asterina mit deutlichen Haftscheiben. Vergr. 140. 

Fig. 6- IJtsaea japonica. Blattoberhoui 1'>edeckt von dem cpiphytischen Pilz 
Dimcr«^porinm mit gefingcrteti llaftscheiljen. Vergr. 300* 
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VIII. MITTEILUNG. 

DIK EISENORGANISMEN JAPAN. 

(MiT 4 TaFELN UND 2 TFATPrCJURKN.) 

In H ALTS t liERSIC HT. 

I. 

Die Kiseninkterien. 

1. Einleitung. 

2. Allgrroeincs Ulxir das Vorkommen von Ei.scnbaktcrien. 

3. Obcr die in Japan aufgcfundcnen Kiseiibakterien. 
a ) Chlamyd ithrix ochraceiu 

b) „ sidcroiious 

c ) Clonolhrix fu-sca. 
d ) Ciadothrix dichotomi. 
e ) GaUionella ferrugiuca. 
f ) Toxothrix ferruginea. 
g) Siderocapsa Trciibil. 

II. 

Andere Kisenoi-ganismen. 

1. Algen. 

a) Oedoigooiuin. 

b) Characiuin. 

c) Closterium. 

A) PlcMrcAaeniiMfi nodaloMtin. 
t) SaHrelk. 

f ) CocooDds aIs MaogvioigAnkimiiR. 

2. Flagellaten. 

a) Anthc^hysa vegetans, 

b) SpoogomoMa fftteatimmi. 

«) Lagjmlaii. 

d) Trachelomooaa. 

e) Rhipidodendrofi 8|deiidld4im. 
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3. Tiere: Mcliccrta, Vorticella, Carchesium. 

4. H5liere PflanKcn. 

a ) Fontinalis antipyretica. 
b ) Trapa nataiis 
c ) Hydrilla vertidllata. 
d) Oryza sativa. 

Postinortale Kisctispoiciierung. 

Hllckblick. 


111 . 

Ober Eisenbacterien, die a us organischen Kisenv erbindungen Risen fallen 
a ) Harders Versuchc. 
b ) Eigcne Versuchc 
c ) Krgebnisse. 
d ) Schliiss 


I. 

DIK KISENHAKTERIEN. 

1. Einlkitung. 

Da ich micli vielc Jahrc niit Eisenbaktcricn beschaftigt iind darul^cr 
aiich cine Monographicgcschricben habe, so war mein Intercsse 
naturgemass wahrend mcines Aiifenthaltes in Japan auch auf diesc 
Lcbcwe.sen, die in der Natur (lurch Fallung des in den Gewassorn 
gclosten Eiscns eine so bcdcutende Rolle spiclen, gcrichtet. 

Kornmcn Eisenbaktcricn auch in Japan vor, und wenn dies dcr 
Fall ist, wo treten sie gcwohnlich auf, untcr welchen Verhaltntssen ? 
Sind cs dieselben Gattungen und Artcn wic in liluropa? Spielen sie 
in dcr Geologic des I_^ndes cine Rolle und wenn ja, lasst sich dies 
durch Beobachtungen und Versuchc beweisen ? Diese und ahnliche 
Fragen wollte ich bchandeln und, wenn moglich, auch beantworten. 

Obwohl in Japan auf viclen Gcbieten der Botanik eine ungeniein 
rege Tatigkeit herrscht, so hat man sich uin diese physiologisch 
bemerkenswerte Gruppe von Kleinwesen bishcr fast gar nicht 
gckummeut. 

Mir ist aus der Literatur nur eine cinzige Arbeit bekannt, die 
sich mit Eisenbaktcricn in Japan beschaftigt und das ist eine kurze 


O Molisch H., Die Eisenbakterien. Jena 1910* 
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Mitteilung von Miyoshi'^ iiber eincn Kinzelfall des Vorkommens von 
Eisenbakterien, allcrclings ubcr einen rccht intercssanten* In doin aiif 
dem Abhange des Futatsudake gelegencn Stadtclien Ikao bcfindct 
sich cine eiscnhaltige Thermalquellc, in der cine ganzlich aus Eisen- 
l^kterien bestehende Schlanimasse vorkoninit. Diese iiberzieht in 
der aiis den Fclsspalten hervorsickernden Quelle die Erde und die 
Steinc. 

In mikroskopischen Praeparaten des Schlaniincs sah Miyoshi „ eine 
unzahlige Menge von gelblich gefarbten, fadcnfdrniigcn Zellcn von 
ungleicher Liinge, ca. ^ bis l/i im Durchnicsscr, zicmlich geradliiiig, 
auch verschiedentlich gebogen, sowohl cinzeln als aiich zu Bvindeln 
vereinigt/* Die Bakterien scheinen nach Miyexshi der T^eptothrix 
ochracea Ktg. nahezustehen. 

2. Allgemeines uber das Vorkommen Von Kisknbakterikn. 

Da in der lAtcratur abgessehen v<>n dicser ebon besprochenen 
Arbeit Miyoshis ulx:r Eisenbakterien weiter nichts vorliegt, so konnte 
man auf die Vermutimg kommen, dass diese Bakterien in Japan 
vielleicht sclten und nur an wenigen Orten vertreten sind. Abcr das 
Gegenteil ist der Fall. Auf mcinen weiten Roisen, die ich in Slid-, 
Nord-, Ost- und West-Japan unternommen luibe, habe ich mich uljcr- 
zeugt, dass die Eisenbakterien in Japan, iingcheucr vci^ 
breitet sind und zwar ganz besonders in den berieseltcn 
Reisfcldern. 

Die Hevolkerung Japans nahrt sich haiiptsiichlich von Fisch und 
Reis. Wo es die Bodenverhaltnissc iiiir irgendwie crlauben, wire! 
deni I^nde jede cbene Flache abgeriingen und Reis darauf gebaut. 
Ein gro.s.ser Teil des Landes besteht seit Jahrhimdertcn bis auf den 
heutigen Tag aus Reisfcldern und diese bchcrbei-gcn in ihrem Inunda- 
tionswasser allcnthalbcn eine grosse Menge von Eisenbakterien, ver- 
schiedenc andere Eisenorganisinen, Algen und viele hdhere Wasser- 
pflanzen wic Lemna minor Ij, paucicostata L. trisulca, Spirodela 
[Xilyrhiza, Salvinia, Marsilia quadrifolia, Callitriche vorna, C. stagnalis, 

0 Miyoshi M., Ul^er das mnssenhafte Vorkonimt:n von Eisenbakterien in den 'I'hcnncn 

von Iktto. 'rjie Journal of Ihc Ooliege of Science. Imperial University Ja{>an. Vol, 

X. Part II. Tokyo. 1897, p. 139. 
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Myriophyllum vcrticiUatum, M. splcatum, loidwtgia, Potatnogeton- 
Artcn und andere. Schon mit fretera Auge kann man nicht setteii 
viele Quadratmeter dcs Wassers im Reisield mit eitMsr schleimig 
rosCfarbenen Masse teilweise er(ullt sehen und wenn man ste mikros- 
kopisch untersucht. so findct man, dass sie haufig grosfienteils aus E^seti- 
baktericn und gefalltem Elisenoxydhydrat bestcht. Es mag dies unter 
anderm auch damit zusammenhangen, dass der Bodcii in Japan auf 
weite Strecken sehr eisenrcich ist und deslialb eine ockerige P^arbc 
aufvveist. So z. B. in tier nahercn und weitercn Umgebuog von Sendai. 

Auch in kleinen Wassergrabcn und Rinnsalen mit klarem eiscn- 
lialtijgen Wasser waren oft: grosse Mengen von Kisenbakterien zu ftnden. 

Von diesen Orten und von den Rcisfeldem sammelte ich ubcrall, 
wo ich in Japan reistc, in Siid-, Mittel-und Nordjapan, auf 
Hokkaido und Sachalin Probcn; am genaucsten lerntc ich allerdings 
die VerhiUtnisse in Nordost-Jap;4n uin Sendai und seiner Umgebung 
kennen. 

Die raikroskopische Untersuchung liess in den meisteft F'allen die 
typische Kisenbakterie Chlamydothrix ochracea Mig (I^eptotiirix ochra- 
cea Kutz.) erkennen, haufig tritt auch, oft vermengt mit Chiamydo- 
thrix ochracea, Gallionella ferruginca auf. Ungemein haufig erscheinen 
als Epiphyten auf verschiedenen Wasserpflanzen Siderocaj^sa Treirbii, 
Cladothrix dichotoma, Chlamydothrix sideropous und, jedoch nicht 
oft, Clonothrtx fusca. Besonders im Herbste finden sich epiphytisch 
lebende Eisenoiganrsmcn so haufig, dass die betreffenden Blatter (be¬ 
sonders schon zeigen dies Hydrilla, Hydrocharis, Trapa, Salvinia- 
WurzelWatter und Ijemnawurzeln) bratinHch oder sogar braun erscheinen. 

AoRkBend war, dass ich, obwol ich wohl mehrere hunderte Proben 
darauf hin untersuchte, nicmals deti in Europa recht haufigen Brun- 
nenfaden, Crenothrtx polyspora antraf. Wie ich aus den ausgezeich- 
neten umfeasendefi Untersuchungen Naumanns*^ fiber die Eisenorga- 
nismen Sdiwedens ersehe, hat cr den Bnmnenfadcn in den Teichgebiet 
von Aneboda glekfhfalls vtrmiasL 

Um in Japan Eisenbakterien zu erhalten, braucht man Iceine weitea 
Ausffi^ zu machen, ja ich komite sie metnen SchtHem mhten im 

t) Nmiowmi S., U «t>c «i fl h iingen ttbor aie Ei nefio rg mt a m eti Sc h we den a. 1 Die Erachem* 

imigwi dor tNAevopleeik in Gewitfsem des Teidigdaietes Ancftioda, K, nvenska 
Handltngar. Bd. 62. Nro 4* Sto)ekliolm. 
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Btoiogiischefi Institut der Universitat 5^ndai tm Wasserleitungswasser 
Adgen, als dieses noch aiis den Brunnen dcr Universitat zugeleitct 
wurde. 

King man in einem hohen Zylinderglas 2-4 Liter dieses Wassers 
untef defn Hahne der Wasserleitung auf, sellte man das Glas auf ein 
Weisses Blatt Papier und blickte man durch die Wasscrsaule hindurch 
aitf die weissc Pajiierflache, so sah man braunlicho bis schwarxlich- 
braune Teilchen, die sich allmahlig am Boden absetzten und dann 
mit andern Partikelchen einen gclblichen Belag bildeten. Bei Betrach- 
tuflg solcher Teildien iinterm Mikroskop erkennt man, dass sic 
unter anderm aus Eisenoxj^dhydrat und Kisenbakterien bestehen. 
Chlamydotherix ochracea und mehr odcr tninder langc Bruchstxickc 
von Gallionella kommen haufig vor. 

In grosseren Mengen lassen sich scjlche Baktcrien gewinnen, wenn 
das Wasser aus einem Uahne entnommen wird, der wochentang nicht 
geoffnet wurde. Das dann daraus entnommenc Wasser erscheint dutch 
Eisenrost oft stark braun gefarbt und enthalt viele Kisenbakterien. 

Die in der Wasserleitung und in dcr Natur so haufig vorkonimeiide 
Chlamydothrix ochracca findet sich der llauptmas.se nach in Form 
ihner leeren Scheide vor. Kcimende und wachsende individuen kann 
man sich in vielen Fallen dadurch ver.schaflfen, da.ss man das Wa.sscr 
von den Rei.sfcldem mit ctwas organischen Detritus von verwcsendeii 
Wasserpflanzen sammclt und mehrere Tagc, mit eincr Glasplatte 
bede^t, stehen lasst. An der Oberflache dcs W'assers kann man 
dann Kisenbakterien und eine oft ganz uberraschend mannigfaltigc 
Entwicklung von andcren Eisenorganismen fcststelicn. 

Winogradsky'^ hat bckanntlich ein gutes Verfahren angegeben, 
nacih dem man sich leicht Rohkulturen von Chlamydothrix ochracea 
verschafTen kann» wenn man in grosse zylindrische Glasgcf^se eine 
tlandvoll ausgekochtes Heu legt, frisch gcfalltcs Ei.senoxydhydrat 
daraufbringt und mit gewohnlichem Wasser ubergiesst. Es entwickeln 
sich dann nach etwa 2 Wochen braunc Flockcn und Haute, die neben 
zahlreichen anderen Bakterien Infusorien, Amoeben und Flagcllatcn, 
viel von der genannten Eisenbakteric enthalten. Solche Verstichc 
ergaben mir in Prag und Wien ausgezeichnete Resultatc. In Sendai 


1) Winogradsky, S., Ober Eisenbakterien. Bolan. Ztg. 1S88. S. 969. 
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abcr waren die Krc^ebnisso nicht bcfriedigcnd; cs traten bei dem 
cnvahnten VVinogradskyscheii Versuch entwcdcr keinc oder nur sehr 
wenige basenbaktcrien aiif, vielleicht well das Wasser hiezu nicht 
besonders gccignet war odcr well das Heu aus anderen Pflanzen be- 
stancl als in l^uropa. Es gclang mir aber schr schone Rohkulturen 
dadurch zu erhalten, dass ich Flusswasscr anstatt mit IIcii mit Brcxken 
der humificiertcn basalcn Teilc von I-aubmix^srasen (Bartramia etc.) 
und ctwas Eisenammoncitrat vcrsetztc. Nacli 2-3 Wochen war dann 
besonders an dor Was.seroherflachc und knapp darunter cine braune 
llockige Haut zu beobachten, die grossenteils aus den Faden der 
Chlamydothrix ochracca bestand, 


3) User die in japan aufgefundknen Eisenhakterien. 

a) Chlamydothrix ochracca (Kiitz.) Mig. —Leptothrix 
ochracca Kiitz. Siehe Tafcl 1. 3. 

Dicse typischc Cckerbakteric hcrrscht in den auf den Reisfeldern 
stchenden Wassern unter den fadigen Eisenbakterien vor und es scheint 
mir bemerkenswert, dass sic gerade im Wasser der Reisfeldern uppig 
gedeiht, die stark gediingt werden. Die Feldkultur wird ja in Japan 
seit Jahrunderten init einer Sf>rgfalt und Sachkenntniss betrieben, dass 
sic melir den Eindruck cincr (iartcnkultur macht. Dabei wird iiber- 
aus kraftig gediingt und dies gilt auch von den l^cisfeldcrn. Daher 
muss das auf dein Rcisfclde stagnierende Inundationswasser sicKerlich 
cine nicht unbetrachtliche Menge organischcr Substanz enthalten,^ .(Jie 
auch der genannten Ockerbakteric ziigute kommen und ihr Gedcihen 
fordern mag. Dies steht im Einklang mit meinen vieljahrigcn Erfah- 
rungen, dass Chlamydothrix ohne organische Substanz nicht ausgiebig 
wachst. Ob dies flir allc andern Eisenbakterien auch gilt, will ich 
nicht behaupten, doch ist bisher die rein autotrophe Ernahrung mit 
Eisen noch von keiner Eisenbakterie einwandfrei bewiesen. IJeske'^ 
gibt an, da.ss es ihm gelungen sei, Chlamydothrix ochracca in rein 
anorganischer Nahrlosung zwar nicht mit Eisen wol aber mit Mangan- 
bikarbonat zu ziehen. Die Entwickjung von Spirophyllum ferrugineum 

O Lieske R., Zur ErnAhrungsphysiologi« der Eisenl)akterien. Zentralbl. f. Bakteriologic 
Al>t. 49. BI. p. 422. 
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in rein mineralischcr lAsun^ wurde von dcrn ^enanntcn Autor 
gleichfalls beliauptet, allein dies bedarf cincr Nachiintcrsuchung, weil 
inzwischen von Cholodny (siclie Seitc 14;i) gczeigt wurde, dass Spiro- 
phyllum nichts andcres als Galionella ist iind diesc wieder nicht anderes 
als das Eisenskclet cines vicllcicht flagcllatcnartigeii Organisiniis dar- 
stcllt, der auf der Spitze der zopfartig gewundenen striikturlosen Fadcn 
aufsitzt und diese abscheidet. 

Mit meinen Erfahrungen die Bedeutiing organischer Stoffc fiir 
gutes Gedeihen von fadigen und andcren k'isenbakterien in Einklang 
stehen auch die Beobachtungen Naumanns iiber Cladothrix, Chlainy- 
dothrix und Sideroderma in SchweeJen. Anrcichcrimgsversuchc in 
dem Laboratoriuni halx:n niinilich gezeigt, dass diesc F'ornicn stets 
dann zu luxurieren beginnen, wenn ein rcichliclier Gchalt an fau- 
lenden Pflanzenstoffen dcin Wasscr Ixagcniischt vvird. ICs ist ja dies 
auch ein Fall, der in den liisensunipfen unter naturlichen Bedingungen 
schr oft vorliegt/’®^ 

Im Herbste findet man in dem ockrigen Massen incist nur die 
Iceren verorzten Scheiden, doch sind namentlich nach Behandlung luit 
verdiinnter Salzsaure in cinzclnen Scheiden die Zcllen dcutlich zu 
erkennen. In Anrcicherungskulturen lassen sich jedoch Kcimlingc oft 
in grosser Zahl auffinden, 

b) ChlanVydothrix sidcropous Molisch. 

Diesc von mir"^ seinerzeit Ix'schriebene leicht erkcnnbarc Kisen- 
bakterie ist weit verbreitet, .spiclt alx?r nicht jene hervorragende Rolle 
in der Natur wie Chi. ochracea. Ch, siclero[X)us findet sich cpiphytich 
Oder auf dem Spiegel stagnierender Wasscr vor, bildet eine von cingc- 
lagertem Eisenoxyd braune, meist rundc Scheibe, von deren Mittel- 
punkt der Faden ausstrahlt und ins Was.ser taucht. Fig. 7. ab 'lafcl 
II. Liegen die Haftschdben dicht neben cinandcr, .so kdnnen sic zu 
grosseren braunen Hauten zusammenflie.s.scn, wic dies dcutlich durch 


O Lieske R., Bcitrftge zur Kenntnis der Physiologic von Spirophylltim fei riigincuin 
Ellis, einem typischen Eisenbakterium. Pringscheiins Jahrb. f. wiss. Botanik. 49. B. 
p. 91. 

Nauitumn E.. 1. c. p. 30. 

3) Molisch H., 1. c. p. 14. 
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die Fig. 7 c auf Tafel II veranschaultcht wird. In Laboratoriumakul^ 
turcn treten sie am Wasscrspiegel oft massenhaft auf. 

c) Clonothrix fuaca Schorler. 

Auf Wasserpflanzen und Pflanzcndetritus dcr Reisfelder uiid Tiimpe! 
vorkommend aber nicht in bedeutender Menge. In besondera schoner 
Kntwicklung habe ich diese Bakterie auf den Wurzclha^ren vott 
Hydrocharis asiatica gesehcn, wo jedcr Fadcn oder jedea FadenbChidcl 
auf eincr klumpigen Eisenoxydmasse aufsass. Fig. 4 auf Tafel 1. 

d) Cladothrix dichotoina Cohn. 

Ein iingomeirt weit verbreitcter Organisnius in Tdmpeln, Rtnnsaleii 
und Reisfeldern, zumal wcnn die.se Wasser mit organischcn Substanzen 
vcrunreinigt sind. Grcwdhnlich i.st aber die Einlagcrgung von Eisen 
so schwach, dass die Faden farblos erscheinen und ihr Eiscngehalt 
erst durch die cheniische Reaction erkannt wird. Nur in ei.senh^tigen 
Gew^sern und in Rohkulturen des Laboratotiums wird die Scheide 
zumal an der Basis des Fadens rostbraun. 

Ahnliches hat auch Naumann’^ im Teichgebiet Anebodas in Schv^'e- 
den bcobachtet. 

e) Gallionella ferruginea Ehrenberg. 

Das, was man bisher als Gallionella ferruginea (cinschlieslich 
Spirophyllum) bezeichnet hat, wurde fast allgeincin als cine Eisenbak- 
terie au^efasst. Aber es war mir steta auSallend, dass diesem 
Organismus d. h. dem zopfartig gewundenen eisenreichen DoppeUaden 
die Qualit^n einer Zclle oder eines ZeUfadens abgehen. Niemab kocuitc 
ich mich von der Anwe.senheit eincs Proto];dasma, eines Lumens, eltier 
Wand Oder an einander gereihten Zellen uberzeugen, wahrend bci 
anderen Eisenbakterien wic Chlamydothrix ocbracea, Clonothrix fusca 
und Cladothrix dichotoma die Zellen jederzeit entweder direkt oder 
nach Einwirkung verdiinnter Salzsaure Oder Farbstofflosungea zu sehen 
sind. Aueb die von Ellis au^estelke Gattung Sixrophyllum lasst die 
erwahnteii Etgenschaften einer Zelle vermtsHen und dieses sonderbare 
Verhalten wurde mir noch befremdender als ich mich davon iiberzeugte. 


O Nssmann K.. 1. c. p. 36. 
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class Gallbnella und Spiropliyllucn sich in Sal/siiure restlos loscn’^ 
Dieses Ratsel wurde nun vor kurzcm diirch cine Ideino, abcr 
cbenso durch gute Kritik wie scharfe Beobaclitung glcich ausgezcicli- 
nete Arbeit gelost, die wir N. Cholodny"’ vcrdanken. Dem genann- 
ten Forscher gelang es nachzuweiscn. dass die von verschiedenen 
Verfassern unter den Bezeichnungen Gallionclla, Spirophyllum und 
dergleichen bestehcnden Produkte nichts anderes sind als aus Eiscn- 
oxydverbindungen bestehende Bildungen der I^bcnstatigkcit von Mi- 
krcx)rganismen. Oder mit andern Worten : Sowie manclic IHagellaten 
z. B. Anthophysa vegetans eisenreiche, einem verzvvcigten Strauchlein 
ahnliche Skcletbildungen absondern, auf deren Astspitzen die Kolonicn 
sitzen, so liegen aiich auf der Spitze der Doppelfliden von Galionella 
wie auf einer zweizinkigen Gabel je eine odcr jc 2 Zellen auf. Fig. 1. 

Die Form und Grosse dieser Zellen sind nach Cholodny nicht 
iiberall gleich sondern sind, wenn einzeln vorhanden, grosser (1.2 x 0.5 //) 
und haben eine nieren-odor bohnenformige Gestalt. Die konkavc S^Titc 
der Zelle ist vstets dem Stamme zugekchrt, die andere von diesein 
abgewcndet. Wenn zu zweien vorhanden, sind sic viel klciner, etwa 
2 mal kleiner und .sehen Kokken oder Kokkcnbadllen ahnlich. Diese 
entstehen nach dem genannten Autor aus den grosscren Zellen durch 
Teilung und jede von den Tochterzellen scheidet einen neuen selbst- 
wdigen Ast ab. Bezuglich weiterer Einzelheiten sei auf das Original 
verwiesen. 

Diese Gallionclla, die sich bci weiterer Untersuchung viclleicht als 
ein Flagellat entpuppen wird, ist cin in Japan ungemein verbreiteter 
Organismus, Ich habe seine zopfartigen Bildungen in den ockcrigen 
Ablagerungen der Rcisfelder, violer cisenrcicher Wasserrinnen und 
Tiimpel hau% aufgefunden. ^ Die ockerigen Massed der Reisfelder 
bestehen oft grossenteils aus diescn Skeleten, nicht seltcn vermisclit 
mit Chlamydothrix ocbracea. Wie in Europa habe ich mich aucli in 
Japan von der Formenmannigialtigkeit dieser Gallioncllabildungen uber- 
zeugt und diese grosse Verschiedenheit wird aiich von Naumann 
betont Ob diese alle cin und dcrselben Art angeboren, wird man 

1) MollBCh Fi., Die Kiiietthakteriefi. p. 24* 1910. 

^)Chalo(ioiy K, Zur Morphologic der Ebcnbakterien (Jalionella und S,)irv»phyUum. Per. 

d* Eoion. Gcs. Ed. 4S 19f4» p. SO. 

NmNUMt E. i. p. 27 * 4 ] • 
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Abliiklung I. Gallioriclla ferruginea. 

1. Dichotoin verzwcigtcs Eisenskelct mit auf tier Spit^e aufsit/cndcn Zellcn, die dan 
Skclet alischcidcn. Vergr. 1000. 

2. Endc dcs Skelets ink dcii Zcllcn, 2400 mal vcrgrOsscrl, a cine alte nicrcnfSnnige 

'Mic, b «wei junge, efieri durch Tcilung entstandcne nach Cholodny. 

erst dann entscheiden konnen, wenn man die dazu gehorigen lebenden 
Zellen wird vergleichend beobachten konncn. 

Die Vertreter der Naumannschen MycogalUoniella habe ich in Japan 
nicht gefunden, doch will ich damit keineswegs behaupten, das sie in 
Japan iibcrhaupt nicht vorkommen. 

f) Toxothrix ferruginea n.g. 

Im Folgenden gebe ich die Bcschreibnng etnes neuen Organismus^ 
den ich um Sendai einigc Male aiifgefunden imd dem ich wegen seiner 
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im Bogcn verlaufcnden Friclen provisorisch deii Namen Toxothrix 
ferni|^nea (to^ou der Bogen, das Haar) gcbt\ 

Diagnose: I3er einzelne Fadcn strahlt oft in cin Biindel von incist 
bogenformig verlaufcnden feincn Fadcn aus, die sicli wittier zii cinem 
gcnieinsamen Fadenbiindel vereinigen konnen. I laiifig splithan sie 
nochnials auf imd laufen dann wiedcr in cinem Faden zusaminen. 
Solche Gestalten erinnern an cin Brustkorbgcripjx'. Die Dicke des 
Mutterfadens schvvankt zwischeii 0.8' 10//, die. der Tochterfaden zvvi- 
.schen 0.4-1,5// und die liingc der ver/.vwigU-n l^'aditnstiicke /wiseheii 
100-300// und mchr. iMg. 15 auf Tafel IJ. 

Die Faden sind <.)ckcrartig braun, vvcil mit Fisenoxyd incrustiert, 
und stellen tnassige ockerige Niedcrsclilage in cisenlialtigen VVassern 
der Rcisfelder dar. Die Qualitatcn der Zclle an den Faden babe icb 
bier ebenso vcrniisst wie bci den Faden der (laliionella. l^st ist mir 
daher sebr vvahrschcinlicb, dass sicb die Sacbe bier alinlicb verlialt 
wie bci (lallionclla und dass das, was ich bisbei sab, vielleicbt nur die 
von Icbendon, an der Spit/.c der Fadcn sit/.enden Zellcn abgescbicdencn 
Bildungen sind, vielleicbt verursacht von bestimmten Baktcrien oder 
Flagellaten. Sovvie bci Antbophysa die Kolonien sicb schon bci ge- 
ringen Storungen vom Skelcte ablosen, so mag dies aucb bier stattfintlen 
und dies diirfte der Grund sein, warum icb den eigentlicbcn Bildner 
dicser cigenartigen fadigen Skelcte niebt zn (icsicbte Ixjkam. 

Das Ganze bedarf noch weiterer Untersucluingen und wenn icb 
bier doch .schon darauf zu spreeben koinme, so liat dies lediglicli den 
Zvvcck, die Aufmerksamkeit darauf zu lenken, da es sicb augcn.scbein- 
lich nicht um einc rein anorganische Bildung sondern urn cine biologi- 
sebe handelt, die sicb von anderen fiidigen Kisenorganismen auf den 
ersten Blick unterscheidet. 

g) Siderocapa Treubii Molisch. 

Gehort nicht nur in Europa .sondern auch in Japan zu den hau- 
figsten Eisenbakterien. Sie findet sich als Epiphyt auf der Epidermis 
der verschieden.sten Was.serpflanzen, besonders schon auf der Mitterip|X" 
der Oberscite dcr Blatter v6n Blyxa caulescens Ma.xim. Siderocapsa 
bildet kleinerc und grossere. Inseln von tief brauncr Farbc und las.st 
in den hellen zentralen Hofen die schwer farbbaren Baktcrien gewohn- 
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lich in der Ein- bis l^rcizahl bei starken Vcrgrosserungcn erkennen. 
Fig. 6. abed auf Tafel 11. 

Auf S. 49 des zitierten Workes beschreibt Naiimann clUpsoidischo 
Eisenflecke auf der Epidermis von Potamogeton iiatans» die er eincr 
neuen Siderocapsa, der S. nionoica zuschreibt. Die von dicsen Rost- 
llccken entworfene Zeichnung (Fig. 30) hat inich sehr an die Eisen- 
und Manganflecke verschiedener Wasserflanzen erinnert, die unter dem 
Einflusse starken Sionncnlichtes durch die gmne Pflanze und nicht 
durch Bakterien erzciigt vverden. Siehe 164. Die durch Siderocapsa 
gebildetcn Rostfleckc konnen bei oberflachlicher Betrachtung leicht 
mit den liaflscheiben der Chlamydothrix sideropoiis und denen einiger 
Algen ((^cdogonium-Arten etc.) leicht verwcchselt werden, worauf 
liier in Obcreinstiminung mit Nauinann*^ ganz besonders aufmerksam 
goniacht werden soil. 


h) Chlamydothrix thcrinalis n. sp. 

In eisenhaltigcn Thermen von Japan fand ich nicht selten eine 
ungcniein feinEdige Bakteric, die der Chlamydothrix hyalina ahnelt, 
sich aber von die.ser durch noch fcincre Faden, ihr Speicherungsver- 
mogen fiir Ri.sen und ihre Vorliebe fiir Thermen untcrscheidet. Ich 
nenne sie daher Chlamydothrix thermalis. 

Diagnose : Fciiie, unvcrzweigte Faden von (>.4-0.6 Dicke. Scheide 
und Zellen kaiirn erkennbar. Scheiden konnen Eisenoxyd spdehern 
und nehmen dann eine braunliche Farbc an. Dichte Haute und Biindel 
bildend. 

Gefunden in verschiedenen Thermen Japans unter anderen in der 
heissen (Quelle von Sumaki bei Shiwobara und in Narugo. (Temp. 51) 


IL 

ANDERE rise;norganismp:n. 


Die bisher angefiihrten Kisenbakterien spielen bei der Praecipitation 
des Eisens in der Natur zwcifellos eine wichtige Kolle, die einen mehr 


O Vgl auch Neumann £., Untcrsuchungen ana dem Oresund X. t)ber ciqe l^agynion- 
Su)ftn>capKa*artige Structur in marinem Aufwuchs vum OreMtnd, p. 9« Lunds Unjver- 
siteU Xrsskrifc N. F. Avd. 2. Bd. 19} Nro 5. Kungl. Fystografbka S&Hskapcts Hand- 
Hngar. N. K. Bd. 84. Nro 5. 
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die andern weniger. Ganz horvorrageftd l^oteiligt sind hicbei in Japan 
Chlamydothrix ochracea, Galionclla ferfiiginea in der oben gegebenen 
Fassiing und Siderocapsa Treubii. 

Abcr fjeben diosen an der biogentm Fcstlegung (Jos Kisens beteiligten 
Kii^ehbakterien kommen noth vielc andcre l Ascnorganismen in Betracht, 
deren Mitwirkung mit Riicksicht aiif ihre Haufigkeit nicht imterschatzt 
u'crdcn darf. Icli babe schon in rneiner Monographic der Eisenbakterion 
darauf aufnierksam geniacht, verweise, uin WiederlioUingen zu vor- 
nieiden, auf die dort zitierte Litcratur (p. ii.S) und will hicr nur 
fulgendes kurz hervorheben, 

Manchc Conferven pflegen sich haufig mit Ruhren un<l Gurtcln von 
iMsenoxydhydrat zu uingcben und wurdeti von Kiitzing in der Gattung 
Pstchohorniium vereinigt. Klebs hal den Eisengchalt der Mcmhran 
vcfschiedener Closteriuni-Aiten efkannt und Molisch und Nauniann‘^ 
habeii diese 13cfunde orweitert. Ich kortimt auf manche die.scr Ergeb- 
nisse in den folgcnden fur Japan geltenden Ausfiihrungen noch zuriick. 


1. Algen. 
a) Oedogonium. 

Dass verschiedene C)edogoniuni-y\rtcn eine besondere Anziehungs- 
kraft fiir Eisen bekunden, wurde von mir®^ schon vor Jahren 
erkannt. Die epiphytischen Oedogonien cntwickcln eine mehr odcr 
minder grosse flache Haftschcil>e, die in Folge der Incrustation mit 
lii.'icnoxydhydrat rostbraun erscheint. Wenn sich der (^edogoniuni- 
Faden von der Ilaftscheibe abgelost hat, so ist diese bei obcrflachlicher 
Betrachtung mit Siderocapsa-Rostflecken (xJer den Haftscheiben von 
Chlamydothrix sideropous Iciclit zu vcrwecheln, woraiif ich l^esonders 
aufmerktam machen mochte, 

Auf die Haftscheibe kann die FiUlung der Eisens beschrankt bleiben. 
Wenn der Keimling noch jung und cinzellig ist, lasst cr cin farbloscs, 
einfach, zweifach oder mchrfach gelapptes Rhizoid erkennen. An 
<liesem kann die Vererzung an der Grenze zwischen der griinen und 
der farblosen Zone krs^enartig einsetzen, Fig. a, c, Tafel III. o<Jcr 
die Eisenabscheidung beginnt an der Spitze des Rhizoids oder langs 

u Naumann £., 1. c. p. 22-23. 

-) Moltsch H., 13ie PHanze in ihren Bczlehdoj^n nnn Kisen. Jena ]802t p< 12. 
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seiner ganzen Oberflache, sich von hier iinincr nielir und mehr 
aiisbreitend. In eisenreichcn Wiisscrn kommt es aber auch vor, dass 
die Oedogoniuni-Faden sich aiif kurzere oder langerc Strecken niit 
eincr deutlichcn Kruste von Eisenoxyd bedecken, ahnlich wic manche 
Conferva-Arten. Oedogoniuni sitzt aiif den Wasserpflanzen eisenreicher 
Wassergraben und Rcisfclder haufig aiif und zeigt dann die 
erwahnten Incrustationen. 


b) Cliaraciuin. 

V^cle Arten haben die liigentunilichkeit, sich mit eincr Haftscheibe 
atinlich wie Oedogoniuin-Keiinlinge festzusetzen. 

Diese lageit so viel iMsenoxydhydrat ein, dass sie eine tief braune 
1^'arbe annimnit. Man kann alle Entwicklungsstadicai der Characicn 
Icicht finden, wenn man eisenhaltige W^scr \'on den Reisfeltlern mil 
etwas VVasscrpflanzendetritus in cincm Glase stehen lasst. Auf dor 
Wasserhaut sitzen dann eine Unzahl Keimlinge, die sich von threr 
braunen Ilaftscheilx: erheben. Fig. 4, Tafel III. Nach Entfernung der 
Zelle bietet die zuruckbleiljende ICrzscheibe ein Bild dar, das lebhaft an 
I^igynion und Siderocaps.i orinncrl, bei einiger St>rgfa]t aber unschwer 
zu imterscheiden ist. 


c) Clostcrium. 

Wenn Arten dieser Gattung ein gewisses Alter erreichen, so lagern 
sic, wie lx;kannl, haufig in ihrer Membran Kisen rcichlich ein, dass 
diesc rostbraun erscheint. Geringere Eiseneinlagcrung lasst sich durch 
die Ei.senreactionen prom[)t nachweisen. 

Bekanntlich lx:steht die ZclUiaut der Desmidiaceen aiis zw ei Halften, 
die in der Mitte der Zelle auf eine ganz kurze Strecke fiber einander 
gestfilpt sind. Die eine Halfte ist immer eiltcr als die andere. Welchc 
Von beiden die altere ist, kann oft Icicht festgestellt werden, wenn man 
die Zelle der Eisenreaction unterwirft. I^sst man gelbes Blutlaiigensalz 
/und Salzsaure einwirken, k) farbt sich die altc Halfte, weil sie mehr 
?®tsen enthalt, tiefblau, die junge aber nicht oder viel weniger. Man 
kann auf dicse Weise durch eine chetnische Reaction Jung und Alt 
imterscheiden. Fig. 8, a, Tafel III. 
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d) Vleurotacnium iiDdulosuni. 

Dicsc Al^c ist mil Sendai in Tunijx-ln niclit scltt:n. Sic besitzt in 
dcr Mittc dor Zcllc cine Einschnurun^, in diT cin aus Eisenoxyd 
bestehender bniuncr Ring die Zellc wic cin Armband das I landgcicnk 
iiinfasst.’^ Fig 1 a und b Tafel III. Ich weiss aus Erfahrung, dass 
cine solclic iiiisserst zierlichc, strong lokalc iMscnablagcrimg noch bci 
cinigeu andcren Dcsmidiaccn z. B. bei dcr aiif Tafi4 III. Fig. 2. 
abgcbildctcn vorkomnit, docli ich will darauf nicht nahor cingcht?n, 
weil ein Schuler von iiiir, I lerr Dr. K. I loHcr es uliternoiiimen hat, 
dicsen Gegenstand genaucr zu untersuchen. Audi die IMcmbran alter 
Zellon kann Eisen spcichern und dann kiUin man ehenso wic bei 
CUisterium die altcre von der jungcren IMembranhalfte ilurch den Grad 
dor ICisonreaction leicht untcrscheiden. 

e) Su fire I la. 

Diatomeen zeigeii im allgemeinon koine Neigung zum hVsthalton 
des Eisetis. AIs Eiscnfaller hat Naumanii in Schweden die ICunotia 
impressa angusta Grim, erkannt. In Jai>an halie ich diesis nach 
Art einer Cocconeis epiphytisch festsilzende Kicselalge nicht geselieii, 
hingegen hahe ich, allerdings nur o.inmal, enne ockerige Massif in 
\A\isser eines Reisfeldcs am Fiissc des Bergos (Hakomori bei Matsu¬ 
shima gofunden, die zum grossen Teil aus einer Surirella-Art vermengt 
mit l^j.stmoxyd bestand. 

Diese durchschnittlich 4«S-60// lange und etwa 1(5breite Alge war 
von einer bis zu II dicken l^age von oft kdrnigem liiscnoxyd Ixideckt. 
Fig. Tafel III. Haufig lost sich die I^jsonhullc als gcschlo.ssenc 
Deckc von der Kiesclhaut der Diatomec scharf ab. Die Blaufarbung 
nach Behandlung mit Ferrocyankalium erstrekt sich nicht blass auf 
die Eisenaiiflagerung sondern nicht selten auch auf die Kieselmcmbran, 
diKh ist der hier vorhandene Eisengchalt im Vergleich zu der Aus- 
.senhulle gering. 


O Der £isetinn(; bildet sich nach un<l nach an dcr Aussen.seilt: dcr Zellliuut aus. 
Wic ist einc sulche scharfc J/)caii«»atu>n dcs MeluUs ah der flussercn OI)erfl.lchc dcr 
Memlitaii mdglioh, wenn der King vom lebenden Ptnsma <lurch die Wawl gctrcnnl 
ist ? Diescr auf den ersten Blick schr merkwUrdige Fall dlirfte sUh viclleicht am 
cinfachsten durch die Annahinc erklftrcn laasen, dass die Zcllhaut iintcrlmlh des Hinges 
von lel>endein llasma durchset/t ist. 
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Dass DiatonKien auch in die Mcmbran Eisen einlagern konnen* hat 
bercits Richn bctont nnd aus seiner Arbeit entnehine ich, dass auch 
Sjdstedt*^ lx;i den epiphytischen Diatomeen Cocconds scutclluni Hhg. 
var. oriuita Grun. und C. pqdiculus Ehg. var. baltica (Dannf.) A. Clove 
V. Euler Eisenauflagerung Ixjobachtet hat. 

f) Cocconeis als Manganorganismus. 

Marino Algeti sind oft mit eincr ungcheuren Mcngc einer Cocconeis- 
Art bedeckt, die die Eigentiiinlichkeit besit^t, sich mit eincr braunon 
Schichtc von Manganoxyd zu umgeben. Pcklo"’^ hat cine .solclle 
Gxconeis auf einer marinen Cladophora gesehen. 

Das Vorkonimcn solchor Cocconeis ist abor viel verbreiteter als 
man bisher angenommen hat; ich habe sic auf vielcn Rotund Braun- 
algen des Pacifik gefunden und nacli clem, was ich in Sendai, 
Asamushi and Misaki gesehen, kann es keinem Zvveifel unterliegen, 
dass (iiese Diatomco bei dor ICntrnanganisierung des Mcerwassers eine 
schr bedeutende Rolle spielt. Au(?allcnd ist, dass die Fallung des 
Mangans, abgesehen von klcincn Mcngen wedcr ober-ntxh unterseits 
sondern fast ausschliesslich seidich rings um die festsitzende Zclle 
erfolgt. iMg. 1 u. 2, Tafcl IV. f, g, ni. 

Die Dicke der Manganschichte wechselt zwischen J-8.6//. 

Wenn viele Individuen diclit neben einander liegen, so hndet sich, 
da allc Oder fast alle von eincr Manganschichte ungeben sind, ein 
braunes Mangannetz zwi.schen den Zellen, das sie mit einander verkittet. 

Cocconeis ist eine epiphytisch lelxnde Diatomce und es ist mir 
schr wabrscheinlich, dass die Umrahmung des Kieselpanzers mit dem 
braunen Erz wesentlich zur Befestigung der Algc auf dem Substrate 
beiti%t. 

g) Anabaena sp. 

Neben der Bcntentherme bei Yumoto fand ich auf einein Fcisen, 

O Richter O^, BeitrAgc zur Eisenaufnahine clurch tecbnisch wicbtfge Faaem etc. Foser* 

foMchung If. Bd; s. Heft. p. 204 Verlag Hirzel in Leiptzig. 

G., Qm JlarmttlUintftg hoe Hefeelger vid Sklnca Knaler SArtryck ur „ Jbkttaniska 

Nptiser ” 1021, p. 101. 

•0 liftkto P., Ober eitie inangenepc^herrHle Dietomee. (iHterr botofi. Zeitechr. Jg* 1000,. 

Nro. 8. 
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der von heissem Wasser {45’C) uberriesclt wurdcr cine Nostoccacce 
init Gi'en/zclJen. Sie bildet Raschen mit kurzen Faden, die sich mit 
eincr inchr ocier mimier dickcn Eisenhiille um^ehcn. Diesc wird 
l^esonders an der Spitze der Faden oft so dick, dass der Algenfaden 
unsichtbar wird und. wie vererzt aussieht. Die Faden werden dann 
sehr sprode und zerbrochen leicht in klcinere Stiicke. Tafel III. Fig. 

Kin Uixirblick uber die angefuhrten ICiscnalgen zeigt, dass untor 
diesen Odt^oniuni als Eisenfaller eine nicht unlx*deutende und Cocconeis 
als Manganfaller cine hervorragende Rollc spick. 

2. FLAtiEU-VlKX. 

a) AnthopTiysa vegetans (O. F. M.) .Stein. 

Ich kenne die.stm (3fganismu» scit vielcn Jahren besonders von der 
alten Nutzwasserleitung in IVag her und weiss, wckh grosse Rolle er 
bei der Fixierung des lu.sens im Wasser spick. Er ist in raanchen 
Wassern in dicseui Punktc sc^ar der typi.schen Ockerbakteric Chlamy- 
dothrix ochracea gleichzustellen. Anthophysa ist ini Wasser der 
japanischen Reisfclder ungemein verbreitet und kann im Laboratorium 
leicht erhalten werden, wenn man das Was.‘^r von Rcisfeldern mit 
etwas Detritus der darin vorhandenen Wasserpllanzen in eineni Cilase 
.stehen lasst und nach einigen Tagen untcrsucht. Kr tr^ten dann oft 
rc^tbraune Flocken auf, die sich bei mikroskopischer Beobuchtung als 
die eisenrcichen Skelette der Anthophysji entpupjx'n. Wenn die an 
den Spitzen der Skelette beftndlichen Zellkolonien frei geworden sind 
und dann nur die Skelette ubrigblciben, sc> kdnnen diese leicht mit 
f^igen Eisenbakterien vcrwech.selt \v<‘rden. 

Die Skelette treten nicht selten in so grosser Mengc auf, dass 
Flocken von J cm Durchmesser entstehen, die nach und nach zu Boden 
sinken und hier cinen tiefbraunen Belag bilden. 

b) Spongomonas iivtestinum (Cienk.) S. Kent. 

Auf cten WasserWattern der Salvinia natans in Gesellschaft mrit 
deni Rotator Melfcerta ringens und m I^boratoriumskulturcn von 
Wasserp^nzen nicht selten; grosse, lange wiirmforniige Kolonten 
bilctend, deren femkomlge Gallerte in Folge der Eisenspcichcrung cine 
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braunliclie Farbe aniiehmcn. Unter ahnliclien Verhaltnissen trat auch 
Spon^oiiKMias uvella Stein auf. 

c) La^ynion Paschcr. 

Diesc Gattiing war mir schon in Eiiropa, in Praj^j und Wien oft 
hoge^mrt imd liier in und um Sendai ist I-agynion ein ungeniein vveit 

verbreiteter Magcllat, dcr in soinem 
runden Gehause so reichlich lusen 
einkigert, dass rlicscs schlicsslich tief 
rostbrann wird. Er spielt lx:i der 
Fixierung des ICiscns in sussom VVasscr 
zvveifellos eine sehr wichtige Rollc. Die 
Art, die ich in Japan rcgeltnassig gefun- 
den, ahnelt am mcisten der von Nan- 
niann als Lagynion ovale benannten 
I'orm. Sic ist in dcr Abbildung 11 
zu sehen. I^agynion sitzt auf vielen 
Wasserpflanzen auf aber ebenso haufig 
fand ich diese Gattung auf der Was- 
scrh.'iut in den Kulturgefasscn dcs T^a- 
boratoriuin ; P'ormcn mit lang ausgezo- 
genem Gehiiiisc babe ich in Japan nur 
selten gesehen. 

dj Trachelomonas Ehrenbcrg. 

Verschiclicdene Arten dieser Gattung sind glcichfalls eine haufige 
F>scheinung besonders im F*ruhjahr. Stehende Gewiisscr der Tunipel 
und Rcisfelder cnthalten sic oft, mituntcr in schr bedeutender Mengo. 

Unter den von mir beobachteten Flagellaten spielen jedcnfalls- 
Anthophysa, Trachelomonas und Lagynion als Fliscnsjxiicherer eine 
bedeutende Rollc. Bei Trachelomonas konnte ich eine Beobachtung 
nuchen, die auf den ersten Blick ratselhaft erschien, die ich aber 
vollends aufklaren konnte. Wenn man frische Trachelomonas auf dem 
Objekttrager mit einem Tropfen einer 2?^ gelben Blutaugensalzlosung 
einem Tropfehen verd. , Salzsaurc bchandelt, so farbt sich die rnit 
Eisenoxyd incrustiertc Wand tief blau und nach ciniger Zeit oder 
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gleichzeitig entstcht von dor Wand aus cine J^lasc, cin Sack odcr cin! 
kiirzer Schlauch voi\ tief bUiucr Karbc. I'afel 111, Fig. 8. 

Diescr Sack ocicr Schlauch ist nichts andcrcs als cine Traubcscho 
Zellc : 1 lurch die Salzsaure wird das Eisen in Losung gebracht iind 

bildet sofort mil dem Blullaugcnsilz einc seinipcnncable Niedcrschlags- 
haut von deni Fcrrisalz dcr Kcrrocyainvasscrsloffsaurc (Bcrlincrblau), 
die durch Intussusception ebenso zu einor Zclle heranvvachst wic einc 
Membran von Ferrocyankupfer. Man kann sich auch leichl uberzeu- 
gen, dass man ebenso wic mil Kupferscdzcn auch init ICiscnsalzen 
rnakroskopischo, kunstliclie Zellen erzc.ugen kann, wenn man in cine 
Ferrocyankaliumldsung klcine Kristalle von iMsensulfat fallen lasst. 
Nach mehrereren Stunden entstchen l~4cm lange, schlanke, schlauch- 
fdrmige Zellen von Berlinerblau. 


e) Rhipidodendron sjilendiduni Stein. 

i.las wunderbare, facherfdrmig verzweigte vSkeK t dieses Flagellaten 
hat einc braune Farbe, die durch oft hochgradige iMseneinlagerung 
Ixrdingt ist. Iliescr Eisenorganisnuis findet sich oft in den Reisfeldern. 

0 

Im Anschluss an die Flagellaten seicn hier einige Ik'obachtungcn 
liber lMscn.sf>eicherung durch einige nicderc rierc eingescholien. 

So fand ich auf den als Wurzel fungierenden Wasserbliittcrn von 
Salvinia natans, die oft zu Millionen die Teiche und Reisfelder bedeckt, 
das epiphytisch lebende Kaderticr Melicerta ringens (L.) i^s bildet 
ein regelmassigcs rdhrenfdrmiges gegen die Risis sich etwas verchina- 
lerndes Gehause. Dieses licsteht aus dicht gclagerten Kiigelchen, ilie 
dem Gehause cine zcllenahnliche Struktur vcrleihen. Die Farbe des 
Gehauscs ist bniunlich oder braun. Ich vermutetc, dass die braune 
Farbe auf einor eingelagcrten Eisenverbindung beruht und die ausge- 
fuhrtcn Reaktionen bestatigten diesc Verniutung. 

Au.ssenlcm zeigten die Stiele mancher Ciliaten wic Vorticella und 
Carchesium oft starkc Eiseneinlagerung. 


3. Hohere Pfl.vnzen. 

Die Eisenspeicherung in und auf der Membran, wie wir sie bisher 
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hei Algen, Pilzen und Flagellatea kennen gelernt haben, ist aber nicht 
auf diese beschrankt, sondern findct sich aiich bd manclien anderen 
ja auch bei hohercn Wasserpflanzen. Ich habc diesen Gcgenstand 
nicht in den Rahmen meiner jai^anischen Untersuchungen einbczt)gen 
iind verwdse daher auf meine einschl^igen Ikobachtungen, die ich 
in Europa seinerzdt geimcht habe.*^ Nur auf cinige besonders hoch- 
gradige Ei.sens|)eicherungen sei hicr vonibergehend aufmcrksani gemacht. 

a) Fontinalis antipyrelica T.. 

Vijr 34 jahren hai>e ich mich bereits von dem grossen SjxMche- 
rungsvermugen dieses I^iubniotxses ilbcrzeiigt. Das Risen liegt hicr in 
den Mcnibranen und zvvar in so grossen Mengen, dass in der Asche 
Kisenskelctte zuhicklciben. Auch in Japan ervvies sich dieses Moos 
als bedeutender Eisensixicher. 

b) Trapa natans L. 

Dass die Fruchtschale der VVassernuss ein ungemcin eisenreiches 
Gtnvcbe darstdlt, habe ich bereits vor langcr Zeit*^ beschrieben. Das- 
selix zeigte mir auch die VVassernuss in Japan. Das Fliscn komnit hier 
in locker gebundener Form vor und kann teilwcisc durch heisses VVas.ser 
Icicht ausgezogcn werden. Der Eisenreichtum ist so gross, dass die 
Asdic des Perikarps braun wie Eisenrost aussieht. Vgl. auch. p. 167. 

c) Hydrilla verticillata Royl. var. Roxburghii Gasp. 

Ich*^ habe seinerzeit gezeigt, dass gewi.sse Wasserpflanzen, wenn 
sic in verdiinnten I^sungen verschiedener Mangansalze z. B. in einer 0.1 
prozentigen liisung von Manganochlorid im starken Lichte gezogen wer¬ 
den, eine braune Manganverbindtmg in der ausseren Wand der Epider- 
inisszellen in .sehr charakteristischer Weisc nicderschlagen und sich dabei 
braun farben. Besondens .schon gclingen solche Versuche mit Elodea 
canadensis, einer Pflanze, die auffallender Weise bisher in Japan noch 

0 Molisch H., Die I*fian/e in ihren Besiehiiiigen Kiinn Eisen. Jcnii 1892, p. 80. 

V Moliach H., 1. c. p. 89. 

^ Moliach H., Ul>er lokale Menbraniftrbung dufch Manganverbiodungen bei einigen 'Was- 

serpflonzen. Sitzber tier Kais. Akad. d. Wissenseb. in Wien Bd. CXVIII. Abt« I. 

Nov. 19091 p. 1427. 
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nkgtfnds gefunden wurde, doch zeig^n auch andere WasserpAanzen 
wie Vallisneria spiral^, Ranunculus aquatilis und Myriophyllum ver- 
ticHktum dasselbe. Perusek’^ hat sp^ter unter meincr Twitting noch 
imdcre Wasseq^flanzen ausfindig gemacht, die Manganeinlagerung in 
die Menibran zeigen. 

BHckt man von oben aiif die Obcrhaut der Blatter hcrab, so glaubt 
man, dass dcr Zellinhalt braun und wic in Plasniolyse zuriickgezc^cn 
erscheint. Doch dies ist eine Tauschung. Die braune mehr odcr 
minder elliptische Figur, die man sieht, gehort gar nicht dem Zellinhalt 
an, sondern aiisschliessHch dor Wand und zwar der ausscrn Wand 
der oberen Epidermiszellen, Die entprechenden Zcllen dcr Unterseite 
zeigen diese Erscheinung nicht oder in vicl geringerem Grade. 

Dieses Niederschlagen von Manganoxyd in der Zcllhaut verdient 
die Aufinerksamkeit der Physiologen aus zweierlei Griinden. Erstens 
lehrt das Phanomen, dass an der Stelle der l-Cinlagerimg in der Zellhaut 
andere Verhaltnisse herrschcn niiissen als knapp dancben oder an den 
anderen Wanden der Oberhautzelle. Zvveitcns vollzieht sich die Ein- 
lagerung nur im Lichte. Wir miissen daher annehtncn, dass unter 
dem Kinflussc dCvS Lichtes an der Ablagerungsstelle in der Membran 
ganz bestimmtc Vorgange platzgreifen mussen, die zur Manganeinlagc- 
rung fuhren. 

Die geschildcitcn Verhaltnisse beziehen sich ausschliesslich auf Kul- 
turversuchc, es liegt abcr kcin Grund vor, dass dasselbe nicht auch 
in der Natur vorkommt, wenn Mangansalze der naturlichen Wasser in 
geniigender Menge geK>st sind. Dies konnte ich tatsachlich in Japan 
beobaebten. Am 9. September 1923 sammelte ich in einem Wasser- 
graben beim Exerzierplatz in Sendai nahe der iiber den Hirose-Fluss 
fiihrenden Brvicke Hydrilla, deren Bitter an alteren Sprossen mir durch 
ihre braunliehe oder braune Farbe auffielen. ALs tch diese mikroskopisch 
unliersuchte, fand ich fast alle oberen Epidermiszellwando mit tiefbraunen 
ElUpsen versehen, Fig, 3» Taf. IV,, so wie ich es bei den vorhin bespro- 
chenen Mangankulturversuchen beobachtet babe. Die mikrochemisGhe 
Prufung ergab, dass die braunen elliptischen Membranflecke haupts^hlich 
aus einer brautten ManganverWodung mit etwas Eisen bestandeii. 

0 Berutek E., Ober Mangonspeicherun^; In den Memhranert von Wasserpflanzen. Sit/h. 

d, Akod. d. Wlfc». in Wlfcn., matheiH^ natarw. ICl. Aht. I, 1919 Bd. 128, 
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Die Blatter der liydrilla waren iiberdies mit zahlreichcn Oedogoni- 
umkeiinlingen btjsiedelt, die ihrerseits vielfach init Eisenoxyd beschlagen 
waren. Ausserdem sassen auf den Blattcm Rotatorien der Gattimg 
Meliccrta fest, deren rdhrenforiniges Gehaiise von eingelagertem Kisen 
braun war. 

d) Oryza sativa L. 

Zii wicdcrholten Malen war mir aufgcfallcn, dass, wenn ich junge 
Reispfianzen auf deni Reisfelde aus dem nassen Iknlen zog, die VViir- 
zeln abgcsidicn v on den jiingstcn Tcilcn rosthraunn gefarbt waren. I )ie 
Ursaclic der Braimiarbung war Tiisenoxyd, das in Form ciner bniun- 
lichen Masse auf der Oberflaclie der Wurzel niedcrgcschlagcn ist. Die 
Wurzelhaare erschienen deiitlich mit Eisenoxydhydrat bedeckt, iiberdies 
enthielt auch ilire Membran viel locker gebundenes Eisen. In noch 
viel aufKillenderer Weise sinil die Wurzeln schon fruchttragender IMIan- 
zen mit Eisenosyd bedeckt und daher tief rostbraun. 

Obwol das Wasser der Reisfelder in Jajxxn oft rcich an Eisen ist, 
so muss es doch als cine auffallenile liigenschaft der Reiswurzel hingc- 
stellt vverden, Eisen an ihrer Oberflache nicderzuschlagen, da andere 
im selbcn Ikxlen gleichzeitig wachsendc Pflanzen keine Braunfarbung 
ihrer Wurzeloberflache erkennen lassen. lis ware sehr wimschenswert, 
<liese Erscheinung weiter zu untersuchen. 

4. UbKK injSrMORTALE El.SEN.SPKICMKRU.NO. 

VVenn man in Spatherbste die abgeernteten Reisfelder betrachtet, 
so findet man luiufig Potamogeton natans mit abgestorbcnen kohl- 
sell war zen Blattern. 

Die liliitter sind entweder ganz schwarz oclcr schwarz und braun. 
Die kohlschwarze P'arbe fiel mir auf unrl eine niihere niikrtjithemische 
Untersuchung ergab, dass solche Blatter von einer Eisenverbindung 
geradezu strotzen. Unterwirft man ein Stuck cines solchen Blattes 
der Eisenreaktion mit Ferrocyankalium unter dem Mikroskop, so farbt 
sich nicht bloss der Sclinitt sondern die ganze nahere Umgebimg bis 
ztir Undurchsichtigkeit tiefblau, wobei ein reichlicher Niederschlag von 
^rlinerblau entstcht. Vera.scht man ein solches schwarzes Blatt, so 
^halt man eine tief rostbraune Asche, die, inikroskopisch gepriift, das 
Gewebe de.s Blattes als ein Eisenskelett crscheinen lisst 
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Mikroskopische Schnitte lasseii crkcnnen, class insbcsonderc clcr 
Inlialt der Epideriniszcllen dcr Oberseitc des Blaltcs und dcr die T.ii- 
kunen des Mesophylls begrenzenden Zellen blduschwarz oder schmutzij^ 
schwarzbrauti j^efarbt ist und dass daraiif die schwarze Farbe des 
toten Blattes beruht. Die Fisenrcaclion ri'ihrt von dieseui blaulicli 
scinvarzen Korper her und dicser ist wohl niclits anderes als oerbsciures 
F-liscn. 

Die Blatter von Potaniogeton sind ini lelicnde Zustande selir ^erb- 
stoffrcich und wenn sic absterben, was im Herbste normal der l"all 
ist, so wird das in die toten Zellen eintrcteiple ICiseii als gorbsaurt's 
Kisen ^efallt und dies gescliieht sc^ lanj^e, bis allc Gerbsaure ab^esattis^t 
ist. Auf diese Weisc koinmt es zu einer so erstaunlichen iMscnanhaiif- 
un^‘, dass die Blatter ganz schwarz werden und beim Verbrennen 
Eisenskelette hinterlafisen. 

Wenn man Wasserniisse (Traiia) noch vor ilirer vdlligen Keife 
betrachtet, so sind sic gewdhnlich nicht schwarz sondern hellbraiin, 
erst spatcr, wenn sic liingcre Zdt in eiscniialtigem Wasser liegen, 
\yerden sie schwarz schliesslich kohlschwarz. Dcr Vorgang ist meiner 
Meinung in wcscntlichen dcrselbc wie bei Potamogeton, nur ist hinzu- 
zufugen, dass die PVuchtschiile, wenn sie noch braun ist, auch sclion 
vicl Eisen cnthalt. 

Mir ficl auch schon in Europa auf, dass die Samenschalen von 
Aesculus Hip|xicastanum, die bekanntlich cine braunc Farbe halx*n, 
nach und nach, wenn sie langc Zeit im Wasser liegen, in Folge der 
Bildung von gerbsaurem P-isen cine tief schwarze Farbe annelimcn. 

Man kann diese Schwarzfarbung in kurzer Zeit und zwar schon 
nach wenigeii Tagen hervorrufen, wofern man reife braunc Rosskasta- 
nien-&imen in einer schr verdunnten I^sung von luscnchlorid oder 
lusensiilfat liegen liisst. , Am Meeresstrande des Pacifik bei Arahania 
nahe bei Sendai fand ich im Sande vietc Samenschalen von Castiinea 
yescaj die kohlschwarz waren. Sie lagen .sOit vorigern jahre im 
Sande, hattch postmprtal Eisen aufgenommcn Und (lurch Bildung von 
Gerbstoffeisen die schwarze Farbe angeoommen. Die schwarze Schale 
ist reich iin Eisen und .dies gibt sich ebenso wie bei IVapa auch 
durch die rostbraune Farbe der Asdic zu erkennen. . 

pis ist Selbstvcrstandlich, dass die schwarze Farbe cines abgestor- 
benen Organs auch in anderer Weisc ziistandckoinmen kann z. B. 
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durch Oxydation oiiies Chromogens, doch dies hat inft cincf Eisen- 
speicherung nichts zu tun. 

Uetraehtet man der Atmosphare uftcl dem Rcgen ausgeseta^e 
Bretterwande odcr Holzzaunc, in denen eiserne Nagel elngesohlagett 
sind, sf) bemci’kt man oft cinen vom Nagel nach ahwarts zichendcti, 
mehrore Centimeter langen schwarzlichen Streifen. Auch dieser ist 
auf cine lokale Kisenspeicherung im Holze zuriickziifuhren. Das Etsen 
dcs Nagels wird durch die Kohlensaure des Regenvvassers in geringen 
Mcngen in lAsung gebracht; diese Eisenspuren reagieren mit dem 
GcrbstolT der Holzzellen und vcranlassen die Bildung von dunklom 
Cierbstoffeisen in Form lies schwarzlichen Streifens. 

Diese posttnoitale Bimiung des Etsens durch Gert>stoffe der Pflanze 
spielt in der Natur eine nicht unbedeutende Rolle und cs ist mir 
wahrscheinlich, dass der auffallend grosse Eisengchalt inancher Kolik> 
arten und mancher pflanzlichor und ticrischcr Fossilien auf postmortale 
Falliingen des Etsens zuriickzuftihren ist. 

5. Ruckblick. 

VVenn wir die crhaltcncn Ergebnissc ubcrschauen> so konnen wir 
sagen, dass die nieisten Eisenorganismen, die sich in Europa vorfinden, 
von mir auch in Japan und zwar in weiter Verbreitung fostgestellt 
worden sind. Ifesonders diejenigen, die bei der Speichcnn\g und 
Fallung des Eisens cine so grosse Rolle S|3ielen, wie die fadigen Etecn- 
bakterien, alien vwan Chlamydothrix ochracea, Chi. sideropous, Gallic^ 
nella ferruginea und unter den nicht fSUligen Siderocapsa erfreuen sich 
einer grossen Verbreitung. Dasselbe gilt auch von eisenliebenden und 
eiscnspeichemden Algeii und Magellaten, unter denen besonders Cioste* 
lien, Oedqjonien, Characium, Anthophysa und I^gynion «u nennen 
sind. Hiezu kornmt der Einfluss hoherer Wasserpflanzen auf die 
Fallung des Eisens uud nicht zuletzt auch die postmoctaie Spdeherung 
des Eisens durch gewisse l^nzen insbesonderc gei1>stoflrhiltigen 

Voiti neuen liat sich bei der Feststeliung mikroskopischer Elsen^ 
organisnien gczeigt^ dass den Mikroorganismen eine weitie Verbreituiig 
auf unserm Erdbali zukomnit und dass sie zum ICosniopoIittsmus 
>fieigen> wie icli noch an einem anderen Orte ausftihrlicher erottern 
werde. 
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Obkr eisenbacterien. die aus organischen 

EISENVERBINDUNGEN i:iSEN FALLEN. 

In mcinen beiden Schriften iibcr die l*flanze in ibren Beriehungcn 
znm Eisen imd ubcr Eisenbaktericn babe ich zu wiederhiJten Malen 
bctont, dass die Eisenbaktericn und auch andere Elisenorgamsmen beitn 
Niedcrscblagen dcs Eiscns in der Natur eine wichtige Rolic spielen, 
dass sic sich aiich an der Bikiung dcr Rasenerze beteiligcn konnen 
und in einer sixj/iellen Schrift*^ babe ich gezcigt, dass auch phanero 
game Wasserpflanzen die Faliung von gcldstcin Eisen veranlasscn 
konnen. 


a) Harders Versuchc 

In einer vor wenigen Jahren erschienenen Arbeit hat Harder*^ die 
chemischen und goologischcn Einflusse auf die Falling des Eisens in 
Beziehung zur (}cologic auf Grund dcr vorhandcneii Literatur und 
eigener F>fahrungcn iibersichtlich zusaniniengcstellt und auch die 
wichtige Beobachtung gemacht, dass in der Natur Kokken und. stab- 
chcnaitigc Baktericn weit verbreitet sind, die in einer L6.sung von 
zitronvsaurem Eisen-Ammon (ferric ammonium citrate) nach einiger 
Zeit Eisenoxyhydrat fallen. Er ging in folgender Weise vor: Zitron- 
saures Eisenamtnon wurde in der Menge v^on ^ Prozent in destilliertem 
Was.scr, in gewohnlichem Wasser, in Was.ser von eincm See (Mendota), 
von einer Eisenquclle und in einem Wasser mit ctwas Garteiiboden 
gelost. Mit diesen Luaungen wiirdcn je 2 Kolben mit je 600 cm* 
gefallt, wovon der einc sterilisicrt der andere zur Kontrollc nicht sterili- 
siort wurde. 

Wenn diese Kolben bei Zimmertemperatur langcre Zeit standen, so 
zeigte sich folgendes. Die Iwusungen der sterilisierten Kolben zeighm 
keine Faliung, hingegen war in den nicht sterilisierten mit Au.snahme 
der Losung in dcsdltiertem Wasser das Eisen uberall volLstandig aus 

0 Moliach H., Ober die FftUimg des Ebens diirch das l.ichi uud griine NVassen>Han/en 
Siuber. d. k. Akod. d. Wlssenscb in Wien. Bd. CXIX. Abt. 1. 1910, p. 959. 

Harder E. C., Irun'l^positing Bacteria and their CJcologic Rt:laiit)ns. W.ishingtnn 
1919. Department of the Interior. United States (ieological Smvey. Profosional 
paper 118. 
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gcfallt worden. Die Fallung crfolgte in den Gef^ssen nach verschiedencr 
Zeit. In Ixitungsvvasser nach 2 Monaten, im Wasser vom See 
Mendota nach etwa 7 Wochen, in Wasser der Eivsenquclle nach ctwa 

1 Monat Lind in dem mit etwas Erde versetzten Kolben nach beilaufig 

2 Wcx:hen. Dainit war dcr Beweis gclicfert, dass bei Anweiidiing von- 
zitronsauroni Eiscn-Aniinon die Fallung des Eisens hochstwahrscheinlich 
bi(^l()gischen Vorgangen zuzuschreiben ist. 

Der Einwand, davss die Kalliing in den stcrilisierten \Vas.sern 
viellcicht deshalb aiisgeblicben ist, weil durch das Erhitzen das Kiseiv 
salz irgend eine Wranderiing crlitten haben konntc, tiie die Hydrolyse 
vcrliinderte, wurde (lurch folgenden Vcrsuch entkr.Vtet. Nachdern die 
sterilen Losiingen schon 4 Monate gestanden waren, w urden sic mit 
etwas frischem Bodcninfiiss geimpft und sclion nach sehr kiirzer Zeit 
zeigte sich die JVaecipitation. Damit war also iKnviesen, dass die 
l^ilinng auf bujlogische Einfliissc zuriickziifuhren ist. 

Scheinbar in Widerspriich damit steht die Beobachtiing Harders, 
dass gegen alle lirwartiing in dem Eisenoxydhydratniederschlag keine 
Spur von Eisenbaktericn zu sehen war, abgcsehen von dem Wasser 
der Ki.senqiicllc, wo T^eptothrix ochracea sich vorfand. Hier waren sic 
aber nacli der Mcinung Harders sclion in dem verwendeten Wa.sser am 
Beginne des \"orsuchs zugegen. Also abgesehen von dieser Ausnahme 
waren Baktcrien in der kolloidalen, texturloseii Masse 
nicht erkennbar. („ in which bacterial forms arc unrecognizable”'^ 

Obwohl also Baktcrien nicht erkennbar waren, nimmt Harder doch 
an, dass sie vorhanden sind und das Eisen fallen. Um nun diese 
Baktcrien aufzufinden, vcrsuchte er sie zu isolicrcn und hatte schliess- 
lich Erfolg, als er ein Niilirsubstrat verwendete, bestehend aus Heyden- 
Nahrstoff-Agar und \o/o Eisenammoncitrat. Dieses Substrat wurde 
mit einer Bodeninfusion geimpft, in Flatten ausgegossen und dann im 
Brutofen bei 28®C belas.sen. cntwickltcn sich vielc verschiedene 
Kolonien, darunter tauchten schon nach dern 2. Tagc auch Kolonien 
mit einem braunen Hof auf, die nach 6-8 Tagen in folge von Fallung 
des Eisenoxydhydrats dunkelbraun mit irisierender Oberflache wurden. 

Unter den erhaltenen braunen Kolonien war die typi.sche, eine 
imregelmassige, flachc Kolonie mit J^erklufteten, runzellgen oder fedcr* 


0 llaracr E. C, 1 . c. p. 83. 
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artigem Rand, dcm Agar meist aufltegend. Diese Kolonien fallten 
Eisenoxydhydrat fast unmittelbar nach Beginn ihrer Entwicklung und 
bedeckten sich nach 6-6 Tagen mit einer sproden, dunkelbraunen 
Kruste von Kisenoxydhydrat. 

Neben dicscn Kolonien tauchten noch verschieden andere auf, die 
gleichfalls Eisen niedcrschlugen. Sie bestanden aus lUkterien von 
Stabchen- und Kokkenfbrm und tnanche aus Actinomyces. 

Harder hat auch# abgesehcn von Eisenammoncitrat, noch andere 
organtsche Eisenverbindungen in derselben Weise gepruft und nach 
Impfung mit Bodeninfuskmen gleichfalls F^lungen erhalten. So mit 
Eisencitrat, Eisenaxalat, Eisenlaktat und Eisenacetat. in Mangansal- 
zen unterblieben die Piliungen, doch entwickelten sich Schimmelpilze 
z. B, in Mangancitrat. 

Die Versuche Harders, in anorganischen Eisenlosungen Fallungen 
des Eisens durch Bakterien hervorzurufen, schlugen insgesamt fehl, weil 
schon durch rein chemische Prozessc, durch Oxydation und Hydrolyse 
die Fallung des Eisens erfolgtc. 

Von Wichtigkeit erschien mir der Nachweis Harders, dass sterilisierte 
organischc Eisenlosungen insbesondcre Eisenammoncitrat nach einiger 
Zeit keinen Niederschlag von Eisenoxydhydrat erzeugen, wahrend 
nicht sterilisierte dies tun. Aufifallend ist nur, dass Haider in dem 
Eisennicderschlag und uberhaupt in den unsterilisierten Losungen direkt 
keinc Bakterien beobachten konnte. Es miiisste also angiemommcn 
werden, dass zwar Bakterien da waren, aber so sparlich, dass sie 
nicht aufgefunden werden konnten. Doch das ist mit Riicksicht aut 
die grosse Menge des Praezipitats nicht gerade wahrscheinlich. (3der 
man muss annehmen, wenn hier btologische Voigange uberhaupt eine 
Rolle spieten, dass cs sich um unsici)tbare, um sogenannte ultramikros- 
kopischc Bakterien handelt Audi das crscheint nicht wahrschdnlich. 

Um liber diesen dunklen Punkt ins Klare zii kominen und mir 
ein eigenes Urteil bikicn m koniien, wiedcrholte und erwciteite icii 
den Versuch Harders. 


b) Eigene Versuche 

fiber die Fallung des Eisens in Eisen^ammon-citrat Losungen durch 
Baktertenl 

Je zwel Probeglaser wurden zu je 50 cm* gefiiilt; 



162 


lUNS MOLISCH 


mit clestilliertcm Wasscr (I) 

I^itungswasser der Stadt Sendai (II) 

Brunnenwasser der Universitat Sendai (III) 

Wasser einer Kiscnquellc i. d. Nahc von Sendai (IV) 

Meerwasser von Matsushima (V) 

Jedeni Probeglas warden 0.26 g Eisenamnioncitrat beigeliigt. Je ein 
Kolben der verschiecienen Wasser (I-V) wurde sterilisiert, der andcrc 
nicht, er diente zur Kontroll. Die Sterilisierung wurde zwcimal durch- 
gefiihrt, das erstemal 1 Stundc und das zweitemal nach 1 Tagc J 
Stunde. Die Losungen waren nach edr Sterilisierung vollkommen 
klar, sic waren nur etwas dunkler als die unsterilisierten. Sodann 
warden alle Kolben bei Zimniertcmperatur in Finstern aufgestellt. 

Der Versuch begann am 18. XL 23. 

Am 23. XI. also nach 5 Tagen waren 

alle sterilisicrten Wisser (I-V) unverandert und klar, 

Alle unsterilisierten tnib. 

Bei I war die Trubung schwach, oben etwas starker als unten. 

Bei II Triibung deutlich. 

Bei ni. „ ^ 

Bei IV war die Triibung oben starker. 

Bei V glcichmassigc Trubung. 

Am 5. Dezember also nach 17 Tagen waren 
alle sterilisierten (I-V) unveriindert und klar, 
alle unterilisierten triib. 

Bei II, IV und V hatte die Trubung ziigcnoinmen. oben hat sich 
cine braune Haut gebildet und bei III war bereits fast alles Eisen als 
brauncr Niederschlag ausgefallen, oben ein zienilich dickes Hautchen 
und unten eine ^ cm hohe Schichte bildend. In Folge dessen war 
Losung bei III .schon fast farblos geworden. 

Um zu schen, ob sich in den nicht sterilisierten Proberohren 
Bakterien odcr andere Organi,smen entwickelt hatten, warden kleine 
Mcngen der Fliissigkeit und des Niederschlags steril den Rohren 
entnommen and mikroskopisch gepriift. Dabei ergab sich folgcndes. 

Rohre I. Die geschlossene Haut oben bestand fast aus einer 
Reinkultur einer Unzahl ziemlich grosser Stabchenbaktericn, von denen 
ein Bruchteil in lebhaft aktiver Bewegung war. Zwischen den Bak¬ 
terien lagen, ziemlich gleichmissig verteilt, braune Brockchen von Eisen- 
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oxydhydrat. Diese gaben prompt die Eiscnreaction, die Baktericn 
selbst nicht oder nur schwach. In der Losung mehr untcn waren 
dieselben Bakterien, aber sparlich. 

Rohrc 11. Die dickc braune Ilaut oben besteht aus einer Stabchen- 
Kai>selbakterie. Die Kapsel ist kreisrund oder elUptisch und ft 
im Durchmcsser. Die Bakterie selbst 2-3.5 fi, lang und 0.5-0.8 ft dick. 
Die Kapsel gibt intensive Eiscnreaction desgleichen die Bakterie selbst. 
Bchandelt man mit Methylenblau, .so farbt sich der Rand der Kapsel 
und die Bakterie starker als die dazwischen liegende Kapselniassc. 

Rohre III. Oben befindet sich eine dicke braune Haut, unten ein 
bis 1 cm hoher Niederschlag von rostbrauner Farbe. Die Haut wird 
von zwei Bakterien gebildct, einer pliimpen, mitunter spindelformigeii 
und einer sehr schmalen Stabchenbakterie. Ausserdem fanden sich 
Amoeben und reichlich eine Art von Infusorien vor. Die dickc 
Bakterie Uegt in Schleim eingebettet vor. Auf und zwischen diesen 
Organi.smen befindet sich eine dicke Schichte von Eisenoxydhydrat. 
Diese und der Schleim geben Eiscnreaction, die Bakterie selbst nicht 
Oder wenig. 



AbbUdung 111. 

Vemieh ttber die Fflllung des Bisetui aua LfisHingen voa Bisenammoncitrat durch Baktericn. 

Dk ProbdrOhren sterilLikrt, zeigen ketne Fftllung. 

Recbk: Dk ProberMiren 1-5, nicht stedlfekrt, zeigca Ohcrall FiUlung. 
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Rohre IV. Oben eine braune llaut, imten eine diinne Schicht 
braiinen Niederschlags. Die Haut besteht aus einer plumpen, kurzen 
stabchen-bis spindelforniigen Bakterie. Sie liegt im Schleim, der die 
Kisenreaction gibt. 

Rohre V. Oben eine diinne Haut, bestehend aus einer ziemlich 
langen, imbeweglichen Stabchenbakterie. 

Als ich etwa 10 Monate spater am 21. September 1924 den 
Versuch wieder kontrollicrte, waren noch immer alle sterilisierten 
I^sungen vollig klar, in den unsterilisierten war alles Eisen ausgefallen. 
Die Versuchc wurden mehrmals wiedcrholt, stets mit demselben Er- 
gebnis. Dabei wurde auch die Tatsache, dass nicht bloss das siissc 
sondern auch das Meerwasser stets Baktcrien enthalt, die das ICisen 
des zitronsaiiren Eisen-Ammon (alien, iilx^r jeden Zweifcl erhoben. 

c) Ergcbnisse. 

Die geschilderten Versuche haben unter anderen unzwcideutig 2 
wichtige Tatsachen ergeben : 

1. In sterilisierten Losungen von Eisenammoncitrat 
in verschiedenen Wassern erfoigt keine Fallung des Eisens, 
Solche Losungen bleiben vollstandig unverandert klarund 
bakterienfrci. 

2. Unsterilisierte Losungen derselben Art triiben sich 
und lassen schliesslich das Eisen in Form cines reichlichen 
Niederschlags von Eisenoxydliydrat ausfallen. 

Dieses Resultat stimmt mit den Experimenten von Harder. Him 
gegen weicht das Ergebnis meiner Versuche insoferne ab, als bei 
meinen Versuchen in den nicht sterilisierten Wassern stets reichlicli 
Bakterien auftraten, die zweifellos die Fallung des Eisens veranlassen. 
Wie dieser Gegensatz zu erklaren ist, kann ich nicht bestimmt sagen, 
doch scheint es mir nicht unwahrscheinlich, dass Harder erst an Ende 
des Versuchs nach Bakterien gesucht und diese in dem iiberaus reich¬ 
lichen; Nicderschlag iibersehen hat. Ich empfehle daher jenen, die 
solche Versuche wiederholen wollen, besonders die am Meniscus ent- 
stehende braune Haut zu untersuchen, denn diese blldet oft eine 
geschlossene Decke von Bakterien. 

Die hier auftretenden Bakterien sind von vcrschicdener Art; manchc 
nehmen in ihrer Kapsel oder in ihren Zellen Eisen ziemlich reichlich 
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auf, nianche nicht oder nur wenig. Die Haiiptmasse des sich am 
Ikxlen absetzenden Niedcrscblags besteht aus Eisenoxydhydrat imd 
daher muss man annehmen, dass die Kisenfallung der Haupt- 
sache nach eine extracellulare ist und durch Bakterien 
erfolgt. 

Da nun die Kisenfallung in den verschiedensten Wassern ja, wic 
ich gezeigt habe, sogar ini Mecrwasser vorsichgeht, so m us sen 
derartige eisenfallendc Bakterien in der Natur ungemein 
verbreitet sein und im Kreislauf des Eisens einc grosse 
Rolle spielen. 


Die bishcrigcn Versuche lassen noch die Moglichkeit offen, dass 
aiich Schimmelpilze die Fahigkeit haben konnten, Eisen aus citron- 
siiiirem Eisen-Ammon zu fallen. Es wurde daher noch ein neuer 
Versuch derselbcn Art wie friiher gemacht. aber mit Reinkultiiren \^on 
Penidllium und Asfiergillus. 

Beginn am 8 . Marz 1924. 

Nro 1 . I^itungswasser-f zitr. Eisen-Ammon, nicht geimpft. 

Nro 2. I^itungswasser 4 -zitr. Eisen-Ammon mit Pcnicillium geimpft 
„ o. „ -f », -f Pepton, mit Pcnicillium geimpft 

„ 4. Meerwasser -f ,, 4 „ , nicht „ 

,, 5. „ -f „ -f M , mit Penicilliiim geimpft 

„ 6 . I-eitungswasser4' „ h „ , mit Asiiergillus „ 

If 7. I, “f“ ,, 'f" ,, , nicht ,, 

Alle Gefasse wurden mit 696 zitronsaiirem Eisenammon versetzt, 
stcrilisiert und dann geimpft. Die Peptonglaser enthiclten 0.8 9 ^ Pepton. 
Alle Gefasse wurden bci Zimmerteinperatur im P^instern aufgestellt. 

Am 6 . April 1924 zeigte sich folgcndes. 

Nro 1. Losung klar, keinc I'allung, steril 

„ 2. „ „ „ Pcnicillium iippig entwickelt 

If **• ft »> II II II II 11 

If 4, ,, ,1 y, stenl 

„ 6 . „ „ „ „ Pcnicillium iippig entwickelt 

If 6 , ,, ,y ff Aspergillus ,, ,, 

II ^ • II If II 11 steril 

Am 22. IX. 24. war alles so wic vorher. 

Diescr Versuch und seine Wiederholungen lehrten, dass die von 
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mir vervvendeten Arten von Penicillium und Aspergillus 
nicht die Fahigkeit haben, Eisen aus der gcnannten 
organischcn Vcrbindung zn fallen unddass sterileLosungen 
gleichfalls klar blciben. 

Wenn die ebcn gcschildcrten Versuche beweisend sein sollen, miisscn 
sie, wie ich dies getan habe, bei Abschluss von Licht gemacht werden, 
wcil ich'^ seincrzeit gefunden habe» dass das IJcht das Eisen gewisser 
verdunnter Kisenlosungen zu (alien vermag. Wird z. B. eine verdiinnte 
(0.0068 9^) Losung von zitronsaiirem Eisenamnion» zitronsaurem Eisen- 
kalium odcr von zitronsaurem Eisen belichtet und unbelichtet aufgestellt, 
so wird das Eisen innerhalb einer gewissen Versuchszeit nur im Lichte 
gefallt. 

Ferncr wurde von mir gezcigt, dass nicht bloss das Licht an und 
fur sich sondern auch hohere VVasserpflanzen (Elodea, Stratiotes, 
Vallisneria etc.) die Fallung des Eisens giinstig beeinflussen, wenn es 
z. B. in Form des Ferricarbonates, essigsauren und zitronsauren Eisens 
geboten wird. Ks ist mir in hohem Grade wahrscheinlich, da$s diese 
Tatsachc mit der Fallung des kohlens^^uren Kalkes*^ imd mit der 
Sauerstoffentwicklung der Wasserpflanzen bei der Kohlensaurc-Assi- 
milation in lichte zusammenhangt. Der kohlensaure Kalk reagiert 
alkalisch und wird daher Eisen niedcrschlagen und der im Lichte 
durch die grvine Wasserpflanze entbundone Sauerstoff wird die Oxyda- 
tion des gebildeten Eisenoxyduls zu Eisenoxyd beschleunigen. 

Dass das Eisen ebenso wie das Mangan in der Oxydform in ganz 
eigenartiger VVci.se in der Aussenhaut der Epidermis der Blattoberseite 
eingebettet wird und dass dicser Vorgang sich nur im Lichte vollzieht, 
wurde bereits auf. p. 164-156 erwahnt. 

d) Riickblick. 

So sehen wir denn, dass in der Natur ein Heer von bestimmten 
Bakterien, Algen und anderen Kleinwesen Eisen mei.st in Form von 
Eisenoxydhydrat niederschl^ und zweifellos an der Bildung von 
Eisenoxydablagerungen einen grossen Anteil hat. 

U M(disch H., Ober die Fftllung des Eisens durch das Licht und grOne Wasserpdanzen. 

Sitzber. d. kais. Akad. d. Wiss. in Wien. Bd. CXIX. Abt. 1. p. 959* 

>) Ruttner Fr., Das elektrdytische I^tvemidgen verdUnnter Uisungen tinier dem Ein- 

duss sobmerscr Gewftchse. Sitzber. d. Akad. d. Wiss. WItn, mathem-naturw. Kl. 1. 

mu 130 Bd. p. 71-108. 
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Unterstutzt wird die Tatigkeit dieser Klcinwesen noch durch das 
licht imd durch verschiedene Wasscrpflanzen. 

Das geflugelte Wort „ Kleinc Ursachen, grosse Wirkungen gilt 
nicht nur v'on dem Aufbau der Korallcnriffe, dcr lilrtlkreidc ocier dcm 
Kieselgur, dcm Lilhothamnion- und Foraminiferenkalk sondern aucli 
von dcr Bildiing der Sumpf- und Rasenerze und andcrcr Kisciioxyd- 
ablagerungcn, an denen der Boden Japans so reich ist. Die rostrotc 
Farbe so vieler Boden in Japan, die sogar dcm I^ien aufifallt, vcrdanken 
ihrer Ursprung nicht bloss rein physikalis-chchemischcn sondern und 
zwar in hervorragendem Maaase auch biologischen Prozessen. Dcr 
grossc Anted, der gewissen weit verbreiteten, ja man kann sagen, 
kosmopolitischen Lebewesen tei dem Zustandekommen der Kisendei^Dts 
in der Natur zuiallt, tritt mit fortschreitenden Untersuchungen immer 
mehr und mchr hervor und ist auch aiis den Arbciten Naumanns’^ 
und Harders-^ zu ersehen. Die in verschiedenen Landern bisher 
gewonnenen Ergebnissc verdienen nicht nur die Aufmerksarnkeit der 
Biologen sondern auch der Mineralogen und Geologen. 

Die vorstehenden Studien erforderten weite Reisen in ganz Japan 
von Suden in Hondo bis Sachalin im Norden und ausserdem mehrerc 
wertvolle Kinrichtungen im I^boratorium. Die Durchfiihriing soldier 
Reisen ware nicht moglich gevvesen, wenn die Saito-Gesellschaft Hoon- 
kwai in Sendai nicht die Gute gehabt hatte, mir einc entsprechende 
Subvention (vir diese Arbeit zu verleihen. Daher fiihlc ich mich 
gedrangt, am Schlusse meiner Untersuchungen der Saito-Gesellschaft 
fiir die hochherzige Unterstiitzung nieinen tiegefiihlten Dank auszu- 
sjirechen. 


O Naumiuin £., 1. c. 
i) Harder E. C., 1. c. 


ERKLARUNG DER TAFEEN. 

Tafe! I. 

Fl^. 1. ^Vnthuphysa vegetans. Skelctstiele reichlich mit Kisen*)xyd inkrusiieit. 
Stark vergrdssert. 

Fig. 2- Anthopliysa vegetans, Skelctstid mit Knlunien. Starker sergr<^sert. 
.Vergr. 600. 

Fig. 3. Chlamydothrix ochracea. Leerc Scheiden, dazwisclien Brocken von 
Eisenoxydhydrat. Stark vergrdsscrt. 

Fig. 4. Clonothrix fusca. Bci v Verzweigung eines Fadens. Vergr. 312. 
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Mg. 5. Oallionella ferrugiiien. Fflden zylinclri.sch, typischc a alter stark 

vererzter Fadcn. Vergr. 840. 

Fig. 6. Dasselbe, Fdden flach (Spirophylhm fenuginciim a alter stark 

vererzter Faden. Vergr. 840. 

Tafcl If. 

Fig. 1-6. Toxotlirix ferruginea n. g. Versebieden alte Stadien dieser Eisenlmkterie. 

1 jting, 4-5 ftlter, 6 stark vererzt, Vergr. bci 1-4, 840, bci 5, 600. 

Mg. 6. Siderocapsa Treubii. a, b, c, einzeloc vcrcrzte Haft.scheil»cu, d vercinigtc 

Haftscheil)en. In dcr Mitle der hellen H6fc die Bakterien. Verg. 840. 
Mg. 7. Chlamydotbrix sideroiKWs. a junge, b altcie, c alte Faden mil vercinigten 
Ilaftscheil)en. d Haftscheil>c in Profil, e Ansatztclle des abgefallencn 
Fadens. Verg. 840. 

Tafel Ill. 

Pleurotacniunv nodulosum. a mit rostrotciu EisengUrtcl g. t» daselbe. 
Vergr. 108. 

13esmidiaccc ndt ahnlichem Kisenring wie in Fig. 1. Vergr. 125. 
Surirella sp, lk*dc'ckt mit einer Lage von Ki.scm)xyd. Vergr^. j600. 
Characium mit brauner Eisenhaftschcilje. Vergr. 600. ^ 

()edugonium-Keiinlinge l)ci a, !> und c, den Beginn dcr Haft^‘cheil)en- 
hildung un<l gleicbzeitig Vererzung zeigeml. Vergr. 82. 

Clostcrium-Arten nach AusfiUirung dcr Eis^nreaction mit g. Bluilaugeti^ 
salz. 13ci a zeigt die alte HtUftc der Wand sehr schOn den rcicher] 
Eisengcbalt in Gcgensulz /ur jungen Iiaifle. Vergr. 500. 

Zwei Trachclomonas-Arten a und b. Vergr. 600. 

Trachclonumas ,sp. bildet nach der Eisenreoction Traubesebe Zellen 
(Niederscblagsinembranen von Berlinerblau) Vergr. 600- 
Nostoccacec, oben ohne, untc?i mit Eisenincruslation. Vergr. 600. 

rafel IV. 

Fig. 1. Auf cinem ThallusstUck einer Floridce sitzen viclc CcKiconeis g auf, seitlich 
umgeben von einem Panzer aus braunem Manganoxyd. \'ergr, 600. 

Fig. 2. Zwei Cocconeis mil Manganpanzer. Vergr. 840. 

Fig. 8. Hydrilla verticillata Royl. vai. Roxburgii Gasp. Obere Epidermis dcs 
Blattes mit braunen Mangantlecken, von oben gesehen. Vergr. etwa 800. 
Fig. 4. I)er Querschnitt desselben Blattes zeigt, dass die Manganflecke in dcr 
oberen Wand der Epidermis ihren Sitz haben, viel M^eniger in der 
unteren Epidermis. Vergr. 600. 
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BO'l'ANISCHH H1':0BAC'IITUX(;EN in japan. 


\()N 

I’Bor, nu. IIAXS MDLISCII. 

IX. MITTEILUNC;. 

Ul^ER IMK SYMBIOSL: DKR BEIDKN L1:BERM()()S]C 
BI-ASIA PUSILEA L. UND CAVICUI.ARIA 
DE.NSA ST. MIT NOS rOC. 

(Mit 2. Tafkln uxn 1 Tfa*tku;l'k.) 

A. 

Bl.vsia pusili.a L. 

1. I listorischcs. 

Bla.sia piisilla ist bckanntlich cin weit vcrbrcitetes ]^'bcrni(K)s. Es 
hndot sicli in luiropa, Xordanierika und Australicn’^ ii>t abcr aucli in 
Japan keinc Seltcnheit. In der Urngcbung von Sendai koinint cs auf 
den abschilssi^en vcrwitterten Tuffelscn si'hr haufi<^ vor. Ich habc 
(iclej^cnheit ^ehabt, wiihrcnd nicincs Aufenthaltcs in Japan die Pflanzc 
an vielen Orten zu Ixjobachten, halx:, ich Ivann wohl saj^en, inehrcrc 
Ifundertc mikroskopisch j^opriift und ausnahnislos niit Xostoc inficicrl 
^cfiinden. 

Die Symbiosc zwischen Blasia und Xostoc ist schon lan^^c lx;kannt 
iind manche wertvolle Angaben linden sich in der IJtcratur vor, d(x:li 
gerade das Intcrssanteste und Wichtigste dabei, die Ph>^siologic dicser 
ganzen Erschcinung harrt noch der Aufklarung. (loebcl*^ hat daher 
ganz reclit, wenn cr sagt: „ Wic diesc Symbiosc anfziifasscn ist, 

dari’iber fehlen uns noch alle exporimentellen Ikdege.” 

O Schiffner V., IIe[)aticae, in Knj'ler-Prantl, die natiirliclion J^llanzcnfainilien. I. r. .a. 

Abt. I. Halfte p. 67. 

Gcx:bcl K., r)rgan<igraphic der Ptlanzen. 2. Anri. 2. "l b. Spe/iclle Grganogiaphie. 1. 

ficfl, Pryophyten. p. 066. Jena 1915. 
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Szymanski'^ hat gelegentlich seiner Untersuchungen iiber zwei 
neue Chlorophycceii in I^mna auch die Nostoccolonien bei Anthoceros 
laevis, A. pimctatus und Blasia stiidiert, hat aber bei Blasia sein Aiigen- 
merk hauptsachlich nur auf die Beschaflenheit der verzweigten Schlauche 
gcrichtet, die die Nostoccolonic diirchsetzen. 

Ijcitgeb-^ Izcigte,- dass die Nostoccolonien der Anthoceroten im 
vvcsentlichen dcnsclben Ban haben wie die der Blattohren der Blasia 
und dass nur insofern ein Unterschied besteht als bei Blasia die Bildung 
der Schlauche von einem morphologisch bestimmten Punkte ausgeht 
lungehender beschrieben wurde die Entstchung und die Beschaflfen- 
heit der erwahnten Skrhlauche bei Blasia v^on Waldner'‘^ Er bestiitigte 
die iiltcro Erfahrung, dass die Bildung der 5k:hlauche im Blattohrc von 
Blasia bei Nosti^cinfection von dem in den Hohlraum des Blattohres 
hineinragcnden Trichome ausgeht. Dieses Haar besteht aiis einer 
abgcstutzt kegelfdrmigen Basalzeile und einer kopfformigen Endzelle. 
Meistens entstehen die Schlauche aus der Basalzelle und bilden nie 
einc sondern in ihrer Gcsanitlicit niehrere oft vielfach verzw’eigte Zellen. 

2. IDie Nostoccolonien und die beiden Brutkorper.^ 

Betrachtet man den Thallus mit freiem Auge uder noch besser 
init der Lupe, so sieht man langs des Thallusrandes an beiden Seiten 
je eine Reihc von schmutzig griinen Punkten, die sich von dem hell- 
griinen Thallusgewebe durch ihre viel dunklere Farbe stark abheben. 
Fig. 1. Tafcl I. Es sind grosse Nostoccolonien, die im Verein mit den 
Schlauchen die Blattohren ganz ausfullen. 

Einen viel klareren Einblick gewahrt das Mikroskop. Man sieht 
dann Insein von gewohnlich cllipsoidischer, seltener kreisrimder Gestalt, 
die aus einer grossen Menge von Nostoczellen bestehen. Ihre Farbe 
ist tticht immer gleich. Bald sind sic gelblichbraim, bald oliven- oder 
spangriin. Der Durchmesser der Nostoczellen schwankt zwischen 


0 S/ymanski, l^txir einige paranitiftche Algen. Inaug. Di«serr. d. UniyersiUlt Bre9lau 
1878. 

Olicitgeb H., Die Noatoccolonlen im Thallas der Anthoceroteen. Slizbcr der Kais. 

Akad. d. Wi)»scnach. in Wien. 77. Bd. 1878. 1. Abt. p. 411* 

*0 Waldner M., Die Entstebang der Schlllucbe in den Nojitooookmien bei Blaaia, Ebenda 
78. Bd. 1879, p. 294. 
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4.6-6.5 fi, die Kolonie ist von den bereits erwahnten Schlaucheii durch- 
setzt. Fig. 4, 6, Tafel I. 

Wenn man die Kolonicn mit cone. Schwefclsaure behandclt, so 
werden sie offenbar wegen ihres hohen Carotingchaltes sofort vonii^er- 
gehend himmelblau. 

In Eisessig werden sie zunachst braunlich, schlicsslich farblos, cine 
Blau- Oder Violettfarbung bleibt aiis, ein Zeichen, dass hier nur wenig 
Phycocyan vorhanden ist. Dass aber diescr Farbstoff hier dcnnoch 
vorkommt, zeigt sich nach Behandlung mit Chloralhydrat (2 Teile 
Wasscr und 5 Teile Chloralhydrat), denn darin werden sie deutlich 
hcllviolett. 

Blasia besitzt bekanntlich zweierlei Hrutkoper. Die einen entstchen 
in besonderen, dem Sprosscheitel genaherten flaschenformigen Behaltern 
und die andern frei auf dcr Oberflfiche. Gcstaltlich sind sie aiiffallend 
vcrschieden. Die in den Behaltern gebildeten BrutkortKM* stcllcn ge- 
stielte ellipsoidische Zellkorper dar, wie sie F*ig. 2, Tafel I, zeigt. Die 
frei entstehenden sind viel gr(3sser, unregelmassig gezackt und werden 
dieser ihrer Form wegen als gezackte Brutschiippehen oder ,, Stern- 
.schupixjn bezeichnet. Fig. 3. 

Aber nicht nur gestaltlich auch physiologiscli unterscheiden sich 
die beiden und zwar (lurch 2 Pjgcntumlichkeitcn. 

1. Die runden haben eine Ruhe|xiri(xie und keimen regelmiissig 
erst am En le des Winters und im Friihling, die gezackten aber schon 
im Herbst, vorausgesetzt, dass man sie von der Mutterpflanze weg auf 
ein geeignetes Substrat bringt z, B. auf mit gewohnlichcm W^asser 
getranktes P'iltrierpapier oder auf Sand. 

Es zeigt sich hier dasselbe wie bei den Brutkorpern von Marchantia, 
die, solange sie sich noch im Brutbecher befinden, gewdhnlich nicht 
oder schwer keimen, wohl aber, wenn sie aus diesen auf ein geeignetes 
Substrat gebracht werden. Mein Schuler, Herr Dr Oppenheimerhat 
meinc Ansicht viber das Verhandensein von Ilemmungsstoffen iji den 
Brutbechern von Marchantia und den Fruchten verschiedener Pllanzen 
einer genauen Prufung unterworfen und kommt zu dem Schlii.sse, dass 
besondere in dem Brutbechern von Marchantia und den FriiclUen vieUn' 

1) Oppenheimer IL, DaB Unterbleil)eii der Keimung in den Behaltern der Mutterpilan/c. 

Sitzber. d. KaLn. Akad. d. WisBcnsch. i. Wien. Mathcm-nalurw. Kl. Al»t. I. lai. HI. 

1922, P- 9. 
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Phanerogamen (Solatium Lycopersicum, Nicotiana rustica, Capsicum 
annuum, Ciicurnis sativa etc) vorhandene Memmungsstofl& die Keimung 
in den Beh&ltern der Mutterpflan«: hintanhalten. 

2. Die runden Brutkorper sInd mit der Nostocalge nicht inficiert, 
die gezackten aber fast iminer. Kig. 2 u. 3, Taf. I. 

Die „ Stemschuppenbestelicn aus einem getackten Gewebckorper, 
in deni aiich schon die sogenannten Blattohren entwickelt sind. Aus- 
serdem bemerkt man schon in Wasserpraeparaten, noch deutiichcr in 
C'hloralhydratlosung 1 oder 2 mode Bchalter (Blattohren), die mit 
Nostoc erfilllt sind. Fig. 3 Taf. I. 

Nach langerer Einwirkung des Chloralhydrats nehmen die Algen 
in Folgc ihres Phycocyangehaltes einc hellviolette Farbe an, wahrcnd 
.sie ini naturlichen Zustande schmutzig braunlich oder spangrhn erschei- 
ncn. Sie stechcn dann von dem benachbarten Chlorophyllparenchym 
ab und wcrden dadurch ungemein deutlich. 

Fast jede Schuppe enthalt 1~2 solcher scharf begrenzter Algenin- 
•seln. Doch kann cs auch haufig vorkommen, dass sich Nostoc auch 
frei an der Obcffliiche der gezackten Brutkorper vorfindet, was ja begrcif- 
lich ist, da ja die Alge von aussen in das Blattohr einwandert. Dje 
Fig. 7, Taf. I. zeigt solche freie „ epiphytische ” Nostcwcolonien. 

Vielleicht iibcn die in den Blattohren sich entwickelnden .schlauchar- 
tigen Haare elne chemotaktische Wirkung auf die in der Umgebung 
befindlichen Nostoczcllen aus, so dass sie den Weg in die Bchalter 
finden. 

3. Die Ablagerung von kohlensaurem Kaik im Thallus. 

Bevor ich zu den physiol<^schen Versuchen iibei^ehe, will ich noch 
einer auflallenden Erscheinung gedenken, die ich im Thallu^ von Blasia 
und, wic spatcr noch berichtet werden wird, auch bei Cavicularia 
bcobachtct habe: die oft mehr oder minder starke Ablagerung von 
CO,Ca. Man sieht schon bci schwacher Vergrds.seruiig pitrallel zur 
Langsachse des Thallus 1, 2 oder 8 dunklc Streifen, die bald auf 
eine langere bald auf cine kiirzere Strecke dahinziehen. Fig. 3, s, Taf. 
I. Bei .starkerer Vcrgrosscrung kann man crkennen, dass dicse Streifen 
aus mehr oder minder grossen Stikken einer weissen kristatlinischen 
Mas^ besteheii, die etwas ht die Lange gestreckte, zu einer Art Bilndel 
vcreinigtc Parenchymzellen ausfullen. Oft .so vollends, dass dadurch 
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gcnaue Abgiisse der betrcffendca Zcllcn entstchcn. Durcli class Messer 
Oder durch den Druck mit dem Deckglas wcrden sic oft zcrtramincrt 
und bildcn dann ein Haufvverk von nnregelmassigcn Bruchstlicken. 
Fig. 9. Taf. I. 

In vielen Individuen sind die Kalkstreifen solir haufig, in nianchen 
sparlich cxier gar nicht vorhanden. 

Die Kalkniassen leuchtcn in PoJarisationsmikroskop dcutlicli aiif, 
losen sich in Salzsiiure, Essigsaure und inchrorcn andercn organischen 
und anorganischen Sauren untcr y\ufbrausen und in Schwefclsaiirc 
unter gleichzeitiger Hildung von (iipsnadein auf. 

Auf Querschnittcn durch den Thallus sicht man, class die kalkfuh- 
rcnden Zellcn Bundel bildcn, die den rhallus eJer liingc nach durcli- 
ziehen. Die Bimdcl sind im Durchnicsscr 4 Zellen breit und diese 
haben ctvvas dickere, lichtbraunliche Wande, wodurch sie sich von den 
benachbarton gewdhnlichen ParcnchymzelUm etwas abheben. 

4. Die Reinkultur der Hlasia-Nostoc. 

Zunacht interessiertc niich die Frage, ob cs moglich ist, die Nostoc- 
alge fiir sich, also unabhangig von deni I.ebcrmocjs in Reinkultur zu 
ziehen. Zur besscren Beurteilung dcs gegenseitigen Verhaltnisses der 
beiden Symbionten erscheint die I./>sung dicser Frage nicht nur wun- 
schensvvert, sonderii sogar notwendig. 

Um zur Reinkultur zu gelangeii, habc ich zuniichst ein mciglichst 
reines, niit Nostoc inficiertes Thallusstiick ini dcstillicrten Wasser mehr- 
maLs gcreinigt und dann init sterilisierten Nadeln die Kolonie freigelcgt 
also vom I^bermoos vollstandig getrennt. Fine solchc Kolonie wurde 
dann in einc Agarlosung von folgender Zusammensetzung 


10(X)g 

11,0 

i« 

KNO. 

i « 

MgSO, 

i K 

K,PO, 

Spur 

FoCl, 


Agar 


eingeimpft und dann an einem Nordfenster unter Glassturz, um Staub 
abziihalten und rasches Austrocknen zu verhindern, bet gewbhnlicher 
Zimmertemjoeratur aufgestellt. Schon nach 4 Wochen waren dunkcl 
spangriine Kolonien entwickelt Von dicsen wurden, da neben den 
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Nostoccolonien aiich Bacterien- und Chlorphyceen-Kolonien auftraten^ 
neuerdinge abgeimpft und so schKcssHch tadellose Reinkulturen erhalten. 
Diese ziehe ich seit 2 Jahren sowohl in Petrischalen als auch in 
Proberohren auf Agar mit bestem Erfolgc weiter. Eine Reinkiiltur 
ist in der Fig. 6 abgebildct. 

Es ist vvohl darauf zu achten, dass die Nostoccolonien wirklich rein 
d. h. frei von Bakterien sind. Es ist das eine sehr schwierige Aufgabe, 
aber nach vielen Versuchen habe ich sie doch gelost. 

Die Alge der Blasta-Kolonie und der Reinkultur stimmen im Aus- 
sehen und der Grosse iiberein, auch beziiglich der Grenzzellen. Die 
Kolonien der Reinkultur crscheinen» wenn klein, olivenfarbig, wenn 
gross, fast schwarzgrun. Wahrend der letzten 2 Jahre habe ich, indem 
ich von Zeit zu Zeit abimpfte und ncue Kulturen anlegte, die Reinkultur 
in vielen Generationen crneuert und mich auf diese Weise iiberzeugt, 
dass die Blasia-Nostoc auch ohne Wirt ausgezeichnet gcdeiht 

So mochte es auf den orsten Blick scheinen, als 6b die Alge von 
dem Zusammenleben mit dem Lebermoos nichts hatte. Doch mich 
diinkt, dass man mit solchen Schliissen vorsichtig sein muss, ich will 
mich aber erst dariiber aussern, wenn ich die betreffenden Verhaltnisse 
auch fiir Cavicularia geschildert habe. "" 

5. Versuche, nostocfreie Blasia und Cavicularia 
zu ziehen. 

Fiir die Beurteilung des Symbiontenvcrhaltnisscs ware es auch wich- 
tig zu wissen, ob das Lebermoos auch ohne die Alge gedeihen kann. 

In der Natur habe ich Blasia und wie ich gleich hinzufiigen will, 
auch Cavicularia nie ohne Nostoccolonien in> Thallus gefunden. Alle 
untersuchten Exemplare — und ich habe Hunderte von verschiedenen 
Standorten gepriift — waren ohne Ausnahme inficiert. 

Ich versuchte daher durch Kultur zum Zielc zu gelangen. Ich 
saete am 1. Mai 1923 auf sterilen Sand in Petrischalen aus. 

a) Dauerbrutkorper von Blasia. 

b) Sternschuppen von Blasia. 

c) Sternschuppen von Cavicularia. 

Alle keimten, entwickelten kraftige, jedoch, weil in dunst. gesattigtem 
Raume, „ verspindelte Thallome, waren aber, als ich sie am 30. Juli 
1923 untersuchtCf mit Nostockolonien durchwegs inficiert. 
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Bei Wiodcrliolung dcs Versuchs crgab sich Iciclcr dasscU^e Rcsultat. 
Da ich die Petrischalen als auch den Sand nach alien Regeln bak- 
teriologischer Technik sterilisierte, die Kulturcii unter Glasglockcn vor 
Staub schiitztc iind nur mit steriler Nahrlbsiing begoss» so muss ich 
annehmen, dass an der Oberflache der Brutkdrper sich stets Nostoc- 
zellen vorfinden und dass es daher nicht mdglich ist, sich davon un- 
abhangig zu machen. 

Ich kam dann auf den Gedanken, kleine anscheinend noch nicht 
inficiertc Teile des Thallus zur Fortpflanziing gewissermassen als Steck- 
lingc zu verwenden, jedoch, wie ich gleich benierkcn will, gleichfalls 
mit negativem Resultiit. Die Stecklinge giengen entwedcr zugrunde 
Oder waren, vvenn sie sich weiter entwickelten, gleichfalls mit Nostocko- 
lonien versehen, offenbar, weil auch sie schon mit einzelnen Xostoczellen 
am Beginne des Versuchs oberflachlich inficiert waren. 

Kurz gesagt: es war nicht moglich, trotz aller darauf verwendeten 
Miihe nicht inficierte Blasia und Cavicularia zii crhalten. 

Obwohl das Ergebnis ein negatives ist, so ist es doch nicht ohne 
Wert, weil es zeigt, dass es dem Lebermoos gar nicht gelingt, sich 
von Nostoc loszumachen, wedcr in der Natur noch in dcr Kultur. 

Hingegen gedeiht, wie bercits von mir gezeigt wurde, die Algc 
sowohl in dem Wirtc als auch ausserhalb, unabhiingig von ihm. 

Nicht unerwahnt will ich lasscn, dass die Nostocalge sich in cin- 
zelnen Gelassen auch auf dem Sandc cntwickeltc und dies ist gleich¬ 
falls cin Beweis, dass man in das sterile Kulturbett mit don Brutkbri)ern 
Xostoczellen einllihrt, die oberflachlich anhangen. 

fl. Kann die Blasia-Nost(^c freien Stickstoff 
assi milieren ? 

Zur Klarung des Symbiontcnverhaltnisses legte ich mir auch die 
Frage vor, ob der Algensymbiont gebundenen Stickstoff in Form von 
Nitraten pder Ammoniaksalzen durchaus benotigt oder ob er vielleicht 
ahnlich wie gewisse Bakterien im Standc ist, den freien Stickstoff dcr 
Atmospharc zu assimilieren. 

Um diese Frage zu beantworten, machte ich die folgcnden Vcrsuchc. 
Ich bereitete zweierlei Agarlusungen A und B, die sich nur dadurch 
von einander imterschieden, dass die einc ein Stickstoffsalz cnthielt, die 



17G 


HANS MOLISCH 


antlcrc al)cr nicht. Die Ziisammcnsety.ung dcr Losungen war wie folgt: 
A (c>hnc N) B (mit N) 

1000 g ITo(-) 1000 g ll/) 

ig* MgSO, ig MgSO, 

i g ig Kh1*()4 

ig KNO, 

Spur FcCl,. Spur. FcCIj 

18 g Agar 18 g Agar 

Inir (lie Hcr.slcllung dcr l>cidcn Nahrlosungen wiirdcn staubfreks 
dost. Wasser und schr rcine Nahrsalzc (piirissimuni pro analysi) 
verwendet, uni etwaige Sptiren von StickstofFv^erbindungen auf ein 
Miniinurn herabzudrucken. 

Jo 6 ICprouvctton wurdon niit jc ciner der beiden lAsiingen gefiillt, 
init cinor S]uir oincT Roinkiiltur gcitnpft und dann an oincni Nordfon- 
ster unlor gut abschliosscndem Glassturz aufgcstellt. Untor eincni 
Glassturz, um die Verdampfung dcs Wassers aus dcni Nahrmedium 
nioglicli.st zu verringern und irgendwelche Dampfe von Stickstoffv'^er- 
bindungen, vvio sie sich in dor Atinot.phacro spurenweise vorfinden, 
aus/uschaltcn. 

Dcr Vcrsucli wurdc am 27. IX 1923 loegonnen. 

Am. 20. X. 1923 also nach 23 lagen war in l^cidcn Nahrmedicn 
gutc klntwicklung zu bemerkon. 

Am. 1. XII. 1923 war die lilntwicklung weiter vorgeschritton. 

Am. 23. I. 1924 war die Oberflache dcs Agarniediutns mit einor 
dicker! Digo \'on scliwarzlich grunem X’ostoc bedcckt. 
Audi in dcr Tiefc dos Agar bis zu 2 cm herab waren 
Kolonicn vorhanden alx:r nur klcino. l^n Untcrschicd in 
der Schnclligkcit der ICntwicklung und dcr Menge dcr 
producierten Alge war in dem N-haltigcn und N-freien 
medium nicht zu bemerken. 

Dcr Vcrsuch wurdc 3 inal wicderholt und gab iin wcsentlichen 
dassclbe Resultat. Wohl wi.sscnd, da.ss Algcn oft mit wenig minera- 
lischcr Substanz auskommen, machtc ich mir den Ein wand, dass das 
vcrwendetc Agar vielleicht doch genvigend gebundenen N enthalteh 
hat, um die Entwicklung dcs Nostoc zu ermoglichen. Es wurdc daher 
noch ein Ver.such mit lange in flicssendem I^itungswasser und dann 
mit dc.st, Wasser gewaschenem Agar gcmaclit aber wieder mit dem- 
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sclben lArj^cbniss wie vorhin. Xim war abcr noch dcr ImiiwuiuI 
mo^lich, dass in deni Agar auch organischc, ini Wasser nnldslichc 
N-Vcrbindungen vorhamien sind, die vielleiclit von dcr Algt! assimilicrt 
vverden konnten. Uiu anch diesen cvcntucllen behler zu heseitigcn, 
machtc ich mich voni Agar ganz unabhangig und stelltc dicsclljcn 
Versuchc niit Xahrlosungcn ohne Agar an. Die Zusaniniensetziing 
der bcidon NahrlOsungen mit iind ohne Stickstnff war ganz die glciche, 
wie fruher nur war cias Agar weggclasscn. 

Ikginn des V^’crsiichs am 2o. IX. 1920 mit jc 5 ICrlenmayerkoIljcn 
zu jc cm*' der TAsungen, geimpft mit einiT Keinkiiltur von Blasia- 
Nostoc. 

Am. 20. X. 1023 war in beiden XtlhrloMingen giite JCntwicklung. 
in 2 N-Kolben anschta'nend bessere Entwickliing zu beobachten. 

Am 23. T. 1024 war in alien K(i]I)en sehr gute kaitwickliing in 
Form von Hauten an der (Ibeiilache der Idiissigkeit und des Glascs 
festziistollcn, auch in der Alenge konntc man keinen UnU‘rschied in 
den X^-freien und N-liilltigen Lbsungon konstatieren. 

Um noch dem Kinwand zu begegnen, dass die Xostf)C-i\lgc in der 
N’-freien Nalirlbsung wuchs, wcil vielleicht kleine Mengen von gel^unde- 
ncm N in Form von Ammoniak aus der almospharischcn laift in die 
Lcisungen hineinkommen und v^on der Alge assimiliert wurdt*n, maclite 
icli iKxrh folgendc Versuclie. 

14 halenmaycrkolbcn wurden mit Nalirlbsung zu je hundert env' 
beschickt, 7 davon mit X-haltiger, 7 mit X*freier l/isung von folgi'uder 
Ziisammensetzung. 

Mit X ohne X. 

1000g HjO 1000g lU) 

SO.Ms 

H'NO,K u K.r’o, 

la K,i’o, 

Spur FoClj Spur FcCl, 

Hieraiif wurden alle Kolbcn stcrilisicrt und nach dein Abkiilik-n 
init bakterienfreier Reinkultur von Nostoc tier lilasia {tcimpft. 

Die N-freien Kolbcn wurden untcr grossen Glasglockcn, die auf 
mattgeschliffenen Gasplatten luftdicht aufgcstcllt waren, untei^bracht. 
Durch diese Glocken wurde tiiglich ^ Stundc lang Luft gefvihrt, die 
aber vorher durch Schwefelsaure und daniit getriinkten Bitnstein jfclcitet 
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WLirde, urn ctwaige Spurcn von N-Vcrbindungen der Luft zurukzuhalten. 
Da die Schwcfelsaurc die T^ift zu sehr trocknet und zu starke Ver- 
danipfung der Nahrlosung veranlasseii wiirde, wurde z^nschen dem 
SchwefeLsauregefass und deni Algenvcrsuchsgefass noch eine VV^asch- 
flaschc init dest. Wasscr eingeschaltet. 

Die andern N-haltigen Kolben dienten als Kontrolle, standen daneben 
iintcr cincr Glasglockc, vor Staub gcschiitzt, dock so, dass die Luft 
untcr dem CMockcnrand ein- und aiistreten konnte. 

/ ‘ • 




r iy. Vcrsuchsanhtelluiig uber <lic KuUiir von uml C av icularuuNo.itoc ohne (1) und 

uiit gcbtindcnem N (2). 

]. Kulturraum, durch den Ijcficit von NH.. geleilet wujde. Die Luft jmssierte zuerst 
das init Bimstein und Schwcfclsaurc gcflUUc U-Rohr s, dann die Waschflasclie w und 
tral dann in die mil den KulturglJlsern bcscliicktc Gla&glockc. Die Luft wurde von 
a aus angesaugt. 

2. KonlrollgeBlsb mit Kullurg^iLscrn, cntlmllcnd gebundenen N. 

Die Kolben standen in cincin grossen gerduitiigen Saal an einem 
Nordfenstcr, giinstigem diffusen lichte ausgesetzt. 

Der Versuch begann am 28. IV. 1024 und wurde am 13, IX. 
1924 abgeschlosscn. In bciden Gefassen sowohl mit als auch ohne N 
wuchs Nostoc, aber in den Kolben ohne N auftallend besser, hicr 
waren fingerdteke Rasen. Der Unterschied war in die Augen sprin- 
gend wie schon der Augcnschein noch besscr aber die Gewichtsbestim- 
mung lehrte. Schon nach etwa 4 Wochen war der Unterschied 
rnerklich und zu dieser Zeit war die in der N-freien Kultur vorhandene 
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Alge tief griin, die in N-haltiger Losiing mehr blcich. Arn Schlusse 
des Versuchs war die Nostoc-Algc in der N*Ixisung an dor Ober- 
flache der Rasen braunlichgriin, ticfcr bleich, in der N-freien Kultiir 
oben deutlich grun, ini ubrigen auch blcich. Schliesslich vv^irdc das 
Erntegewicht fur beide Kulturcn bestininit. 


Trockengowicht dcr Nostcc-lCrnte. 



N-frcic Lbsung 

N-hiiltige Lbsung 

Kolben 

1. 

Nr. 

..0.0290g 

Kolben Nr. 

1. 

..O.OOObg 

2. 


. 0.0256 

2. 

..0.0070 

3 


..0.0446 

3. 

. 0 0040 

4 


..0.0260 

4. 

..0.0105 

5. 


0.0215 

..0.0346 

5. 

..0.0105 

6. 


0. 

..0,0090 

7. 


..0.030U 

^ . r • r • . * - • r 

..0,0005 


Sumnia 

0.2100 g 

Summa 

0.0570g 


Das Erntegewicht der Kulturcn ohnc gehundenen N verhalt sich 
daher zu deni der Kulturcn mit gebundcnem N wie 210:67 orlcr 
3.6: 1. 

Das Oberraschendc in dicscin Versuche war, dass die Nostoc sich 
in den saljieterfrcicn Gcfassen, die in filtricrter Luft standen, sich viel 
reichlicher entwickclteii als in den nitrathaltigen, die sich in gc\v6hn- 
licdier unfiltriertcr Luft entwickclteii. 

Uni dieses auffallcndc Ergcbiiis noch mchr zu stiitzen und uin 
eine ctwa vorliandenc Fehlerquellc auszuschliesscn, wurdc dcr cben 
geschilderte Versuch nochmals in derselben Weisc, nur mit dcin 
Unterschiede vviederholt, dass ich den Nahrlosungen noch 0.026 9^ 
CaCl, hinzuftigte. 

Beginn des Versuchs am 16, IX 1924. 

Am 24. X. 1924 war die Entwicklung in den Kolben mit SalfXJter 
massig, ohne Salpetcr ausgezeichnet. 

Am 4. XII. 1924 waren die Kulturcn in alien Kolben ohne 
Salpeter iipfMg, mit Salj^etcr etwas geringcr. 

Der Versuch wiirde am 17. XII 1924 abgeschlossen. In den Gcfassen 
ohne gebundenen N war die Entwicklung anfangs auffallend starker als 
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in den Kontrollgefiissen. 

Trockengewicht cler Nostocerntc. 

N-freie Lcisung N-haltigc I^osung. 

Nro. (1. Kolbcns Nro. d. Kolbens. 


J. 

.().0285g 

1 . 

.... 0.0170g 

o 

.0.0170 

0 



.0.0200 

a. . . 

... . 0.0155 

. . 

4. 

.0.0105 

4. 

.0.0530 


. . ..0.0240 

5. 

. ... 0.0150 

b. 

.0.0200 

. 



(t.lStOg 


0.1250g 


Die l!^rntegc\viclite wareii am Ernie dcs Versiichs fast glcich. 
v\us diesen X^crsuchen in ihrer (lesamtheit glanlxi ich den Schluss 
zicheii /Ai durfcn, (lass die Hlasia-Nostoc inistandc ist. den 
freien Stickstc^ff dcr Atmospluire y.u assimilicren undaiich 
ohne gebiindencn Stickstoff das Auslangen xu finden. 

Dicser Bofiind erscheint \^on Intercssc, wcil bisher meines Wissens 
noch fL'ir koine Cyanopliycee die 1^'ahigkcit der Assimilation freien N 
erwiesen wurde und daher ware es ompfohlensvvcrt, verschiedene 
Cyanophyccen daraiifliin zu jmifen. Ivs ware ja mdglich, dass die 
eruahnte ICigcnschaft unter den Blaualgen verbreitetor und nicht bloss 
auf die Blasia-Nostoc und die damit identisclie Caviciilaria-Nostoc 
beschrankt ist. 

Die in den lx.*iden Lebcrm<x)sen lebende Nostuc wurde damit in 
Gegensxitz stehen zu den von mir seinerzeit gepruften Chlorophyceen, 
Microthamnion Kiitzingianum Nag. a geniiinum (Nag.) Hansgirg, 
Stichococcus baccilaris major Rbh., Ulothrix subtilis (?) Kg. und 
IVotcxoccus, die ohne gebundenen N nicht gedeihen.’^ 

Welchen Nutzen die Nostoc durch die hahigkeit der Assimilation 
dcs freien Stickstoflfs der Blasia gewahrt, soil am Ende der Abhandlung, 
nachdem die entsprechenden Verhaltnisse fur Cavicularia behandelt 
worden .sind, crortert werden. 

O Molisch H., Die Ernillirung der Algen. (SUsswasscralgen) F. Abhandlung. Sil/.l>er. 
der Kais. Akad. d. Wijjscnscli. in Wien, IW. CIV. Abt. 1, 1806 p. 79S n 706. 
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CAVICUr.XKIA DK.NwV Si. 

1. Vorkommen und Brutkorper. 

Am 24 Dezcmber 1922 saninicltc ich in Sendai aiif tufd^ein 
fciichten Gesteiii cin mir unbekannlcs Lcbcrmoos, das ich als Cavi- 
cnlaria densa St. bcstimmtc. Seither babe ich in dc-r Uni^ebun^ dcr 
^cnannteii Stadt niehrere Standortc kcnmaij^elernt und das ^I(K)s stets 
ohne Ausnahmc mit Nostoc inficiert i^efundcn. 

Die Bestimmun^ dieses interessanten Lebcrimx)scs machtc anfan|j[s 
einige Schwierigkeit, da es in die mir hier /in* Verfiigung stehcMidcn 
Bestimmungschlussel noch nicht aufgenommcn war. AU ich alx r tJie 
Beschreibimg der Cavicularia bei rfocbel*^ J.is, war ich siclicr, dass icli 
es mit dieser Gattung, die bishcr nur in Japan gcfiinden wurde, zw 
tun hatte. 

Dcr Thallus ist /icmlich gross, ctwa von den Dimensionen eincr 
mittelgrossen Fegattella conica, dichotom ver/weigt, nicht gefcldert und 
am Randc ziemlicli gcwellt. Cavicularia liabe ich oft /usammen mit 
Blasia pusUIa, Solcnixstoma grandistipula und Conocephalus sii[)rade' 
comix)situs auf veru itterten Tuffelscn mit v'crticalcn (xler ctwas schiefen 
WaniJen gefundcn. Standortc, wic sic Marchaiilia, Lunularia und 
^Takinoa lieben, die sicli auf mehr ebenem, nahrstoffrcichcn lioden 
wohlfuhlen, scheint Cavicularia zii meiden. 

Zwischen der recht dicken Thallusmittc und dem rhallusrandc 
findet sich beiderseits cine Reihe von einandcr entfernten dunklcn 
Punkten, die entweder rund oder parallel /ur Langsaclise des betref- 
fenden TIiallusa.stes in die I Jingo ge/ogen erscheinen. Diese Punkte 
stollcn die mit dem Lebermoos in Symbiose vereinigten Xostockolonien 
dar, Tafel II. Fig. 1 n. 

Pks ist nicht schwer, mit Nadeln einc Kolonie aus dem 'Phalhis /u 
isolieren und dann fiir sich allein bei starkercr V'ergrosserung /u betrach” 
ten. Sic bcstcht aus dcr Algo und schlauchartigen Ilaarcn, die ditr 
Kolonie mit ihren zahlrcichen Verzwcigungen nach versrhiedenen 
Richtungen durchsetzen. 

O Goebel K., Organo^niphie d. Prtaiuen. 2. Vc\\. Spc/.iclle Grganographie, 1. IKft. 

nryopbyten, p. 669. 
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Die Haarc sind farblos, einzellig, oft verzweigt* enden stumpf, oft 
kculenforniig, cnthalten reiclilich Plasma, manchmal Spuren von Starke 
und strahlcn radiar von eineni Zentrum aus. Fig. A. h. 

Die Nostoczellen sind spangriin und haben einen Durchmesser von 
3.5-6.8 //. Plinen Unterschied zwischen der Blasia- und der Givicularia- 
Nostoc konnte ich nicht bemerken. 

Wic bereits Schiffner’^ gefunden und Goebel-' bestatigt hat, treten 
aucli bei Cavicularia zweicrlei Brutkorper auf. Sie entstehen in dor- 
salen, unrcgchuassig halbmondformigen offenen Bchaltem, die gestaltlich 
von den flaschenformigen der Blasia ganz und gar abweichen. Fig. 2 b, 

P)ie einen Brutkorper ahneln sehr den „ Sternschuppender Blasia — 
lug. 3.—die andern — Gcx^bel nennt sie Dauerbrut-Korper — sind kleincr, 
rundlich aber mit vorspringenden, kurzen kcgeligen Zellen an der 
Oberflache. Bei passender I..age kann man deutlich die Stielzelle odcr 
ihre ineist braunlich gefarbte ' Ansatzstelle—Fig. 4 s—und etwa im 
Aequator rechts und links je eine cinspringende Stclle sehen, die die 
Initialen bergen. F*ig. 4. i. 

Soltinge die Sternschuppen in den Brutbehaltcrh liegen, bildcn sie 
in der Regel keinc Wurzelhaare, jedoch schon nach 3-4 Tagen, wenn 
man sie aus den Behaltcrn in gcwuhnliches I^itungswasscr bringt. 
Audi hier diirften wohl Hemmungsstofle, die in den Bnitbehaltern 
abgescliicden werden, die Keimung auf der Mutterpflanze verhindern, 
Ich niachte die Versuche in Dezember und Janner. 

Die zweite Art der Brutkorjier, die kleincren mit den dicken 
Wanden — F'ig. 4 — keimen im Janner noch nicht, well sie eine Ruhe- 
|x:riode haben im Gegensatz zu den andern. 

IkMfJe Aiten von Brutkorpern finden sich zusammen in dem Brut- 
behaltcr, es machte aber den Eindruck auf mich, dass die Dauer- 
brutkorper bei sehr feucht gehaltenen Kulturen zuriicktreten oder 
fehlen, wahrend .sic bei sehr trockenen Kulturen in grosser Zahl vor- 
handen sind. 

Von grossem Intercsse ist cs nun, dass schon die Sternschuppen 
sehr haufig mit Nostoc inficiert sind, wahrend die Dauerbrutkorper vor 
dcr Keimung keine Infection zeigen. 

Die Sternschuppen haben haufig 1 oder 2, die grossen sogar mit- 

Schifincr V., Osterr. botan. Zeitschrift 1899, ]>. 892. 
t; noel«l K.. 1. c. p. 689-870. 
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unter 3 u. 4 Nostochcrdc—3 n n.—, die besonders in Chloralhy(irat 
ungemein deutHch erscheinen, zumal sie darin eine \iolette Farbe 
annehmen und dadurch von dcm Ijcnaclibartcn griinen Farcncliym 
abstechcn. Die violctte Farbe riihrt vom Fhycocyan dcr Alge her. 
Das Chlorophyll wird zcrstort, gclbst und dadurch konimt dcr friiher 
durch Blattgrun verschleiertc violctte Farbstoff ziim Vorschein. 

Alls dem Gesagten geht sclion hervor, dass C^avicularia niorpholo- 
gisch und biologisch Blasia nahe steht und ich kann hinziifiigcn, dass 
sich auch die massenhaftc Anhaufung von kohlensaurcm Kalk, wic 
ich sic fur Blasia l^eschrieben habe, auch bci Cavicularia einc sehr 
haufige, ja man kann sagen regelmassigc Erscheinung ist. 

2. Die Ablagerung von kohlcnsaiirern 
Kalk im Thallus. 

Dcr Querschnitt durch den Thallus von Cavicularia lasst erkennen, 
dass er in der Mittc und urn diese herum aiis cincni vielschichtigcn 
(oft bis 20 Zellagcn) Parcnchym besteht, das gegen die Leiden Randcr 
rechts und links allmahlig in cin wenigschichtiges ubergeht. I )ic 
obersten 2 I^gen sind chlorophyllhaltig und duher gritn, die tieferen 
farblos. Die deni Substrate anliegcndc „ lipidcrmis ” ist braun und 
liefert die Rhizoiden Fig. 7 r, die gleich dariiber liegende Schichtc 
aber ist griin. An den diinneren Riindern ist auch die unterste Zellagc 
griin. 

In clem Parenchyni eingelx^ttet findcn sich clx^nso wie bei lllasia 
Bundcl von polygonalen Parenchymzellcn — bei Cavicularia bis 3 Bundol 
an Ziihl am Querschnitt — und dic.se sind es, die mit C( ),C^a entweder 
teilweise odor vollig auf weite Strccken ausgefullt sind. Ing. 7 p. 

Meines Wissens vvurdc eine solche ausgiebige Ablagerung von 
Kalkkarbonat, wie ich sie cbeii fiir Blasia und Cavicularia beschrieben 
habe, bci andern Lebermoosen noch nicht beobachtet. In dcr Fig. 8 
sind einige von den Kalkausfiillungcn aus den Zellcn i.soliert abgebildet 
und einzeine geben sich noch als deutliche Abgiisse dcr betreffenden 
Parcnchymzellen zu erkennen. 

3. Die Rcinkultur der Cavicularia-Nostoc. 

Ich kann mich kurz fassen, denn dersellxi Vurgaiig, wie ich ihn 
fur die Reinkultur der Blasia-Nosfix: gc.schildert habe, wurdc auch 
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Jlier cingehalten uikJ fuhrte alsbald zu dem erwiinschtcn lirgebnis. Die 
Hiit sterilon Natlelii isolicrten Kolonicn wurden aiif einem sterilen 
Objekttragcr in cincm sterilen Wassertropfen niit eincr Nadel zciteilt 
und davoii wiirde in Agareprouvetten abgcimpft. Das Agar hatte 
dieselbe Ziisainmcnsetzung wie bei den entsprechenden lAsungen flir 
die Blasia-Nostoc. Ich bemerkc jedoch, dass man aucli sehr gates 
\\ achstum in cincm Agar init gcwohnlichem Ixitungswasscr erhalt. 
Die geimpften Agarlosungcn wurde in 10 Petrischalen ausgegossen 
und diesc, mit Glassturzcn vor Staub gesclmtzt, an cincm Nordfenstcr 
bei gewdhnlicher Zimniertcmperatur aufgestellt. 

l)cr Versucli begann am 30. Marz 1923. Nach 4 Wochen liatten 
sicli bercits vide schwarzlich griine Kolonien von Nostoc entwickelt, 
in maiichon Schalcn nur diesc, in andcren auch solche von Chlorophyccen 
und Bakterien. Durch wiederholtes Abimpfen erhidt ich schlicsslich 
taddlose Reinkulturcn, frei von Bakterien, Griinalgen und Flagdlatcn. 
Scliwicrigkeiten maditc insbesondere cin kleiner farbloser Flagdlat mit 
jc einer rdativ grossen Geissd an den beiden Polen. 

Solche Reinkulturcn wachsen in Strichkulturen zwar langsam aber 
in D4 Monaten zu ansdinlichen Kolonien heran, die oft cine Dickc 
von 1-3 mm erreichen. 

Die reine Cavicularia-Nostoc stimmt in alien iMgcnschaften mit der 
in dem 'rhallus ubercin, es besteht nur der unwesentlichc Untcrschied, 
dass die Reinkultur die Anordnung tier Zdlen in Perlschniiren vie! 
praegnanter zeigte. 

Da cs leicht gelang, die rein gezuchteto Nostoc immer wieder voni 
\cuen auf geeignetem Substrat zur iippigcn ICntwicklung m bringen, 
so muss auch hicr der Schluss gezogen vverden, dass die mit Cavicularia 
symbiotisch vereinigte No.stoc auch ohne den Wirt in ausgiebiger Weise 
wilchst, genau wic die Blasia-Nostoc. 

4. Uber die Assimilation ties freien Stickstoffs 
durch die Nostoc der Cavicularia. 

In ganz dersdben Weisc wie ich dies mit der Blasia-Nostoc 
gemacht Jiabe, (siehe p.) wurden auch mit Reinkulturcn der Cavi¬ 
cularia-Nostoc auf gewassertera Agar mit und ohne gebundenen N 
Vcrsuche gemacht und, wie ich gleich lx:merken will, mit dcmselben 
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Ergcbnis. Die Algc wuchs auf dcni N freien Niilirboden wie aiif deni 
N haltigcn und zwar auf licidcn iippig. 

Um deni berechtigten liinwand zii begcgnen, dass das Agar, aiicli 
wenn cs lange in .strdincndern W’^asscr gewasscrt und in it destilliertcni 
Wasser gcwaschen wiirde, doch noch gebundcncn N cnthalten durftc, 
wurdcn auch Wrsiichc init dcnselben Agar freien Nahrlosungen wie 
auf p. 177 mit Rlasia gciiiacht. 

Die cine enthiclt N in b'orni von KNO,, die andere war frei davon. 

Auch in diesen Losungen rnit und ohne K entwickelti' sich die 
Alge gleich gut. 

Die Kolben slandcn unter grossen (ilasglocken init abgeschliffenein 
basiilcn ]^and, um Spuren von N-Verbindungen wie sie durcli die 
Atmosphare odcr die Zimmerluft gegelx^n sind, nibglichst ab/uhaltcn. 

Schliesslich wurdc der cxakte Versuch, dor auf j). 177 mit lilasia- 
\ostoc geschildcrt wurde, und in dem die Luft \’on Spuren V(^n gebiiU’ 
denem NII 3 durch Filtration in Schwefelsaure tiefreit wurde, auch in 
ganz gleichcr Weise mit bakterienfreien Reinkulturen von C'avicularia- 
Nostoc durchgefiihrt und zwar mit demselben ICrfolg. 

Die Xostoc-Alge wuchs mit und ohne gebundenem N, in letzh'rein 
Falle aber viel bc.sser. Die ICrntcgewichtc vcrhalteii .sich wie 27 : Ih. 


'rrockengcwicht der Nostoc-lCrnte. 
N-freie I.osung NMialtige Losuiig. 


Kollxjn Nro. 

1. 

.U.U255 g 

Kolben Nro. 

1. 

...0.U18A 

•) 


2 . . . . 

..0.02GU 

3. 

.0.0280 

3.. 

. 0.01GO 

4 . 

.0.0240 

4 . 

...0.0110 

5. 

.0.02GO 

f3. 

...O.OIGO 

G . 

.0.0340 

G. 

...0.0140 


0.1G20 


O.IOIA 


5. Uber die Bezichungen der beiden Symbionten. 

Auf Grund meiner mi^cteilten Versuchc und Bcobaclitunyeii cUirftc 
das Verlialtnis zwischen Lebermoos und Nostoc foljjcndes sein. 

1. Die Nostoc-Alge findet in dem Lebermoos einon 
willkommcncn Schutz gegen Kintroknung. Icli habe sclion 
hervorgehoben, dass sowohl Blasia als auch Cavicularia auf Standorteii 
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vorkommcn, wo sic inehr oder minder langen Trockenperioden ausgcsetzt 
sind. Sic findcn sich hier in Japan mit Vorliebe auf vcrwitterten 
sandigen Tuffen, die stark austrocknen konnen. Regenarme Zeiten 
wiirden das (jcdeihen von Nostoc sehr beeintrachtigen, dahcr wandern 
sic in den Thallus der beiden Lebcrmoose cin und schafTen sich so 
einen feuchtcn, vor weitgehendcm Austrocknen geschiitzten Raiim. 

Da die Nostoc-Alge ini Thallus durch das Gewebc des Wirtes 
cingeschlossen ist, so muss sie auch die erforderlichen Nahrsalze vom 
Moose beziehen. Der Wirt nimmt die Kohlensaure, das Wasser und 
die darin gclosten Nahrsiilze auf und iiberliisst einen Teil davon 
scincm Gast. 

Ob die Alge noch einen andern Nutzen von dem Wirte hat, ist 
schwer sagen, scheint mir aber nicht sehr wahrscheinlich, da sie ja 
auch fiir sich allcin also ganz unabhangig von dem Ijebernioos zu 
gedeihen vermag, 

2. Dio beiden Lebermoose leben, soweit ich beobachten konnte, 
auf magerem stickstofFarmen Boden. Ihre Nostoc vermag freien 
atmospharischen N zu assimilieren, Hs scheint daher die Annahme 
sehr naheliegend, dass das Lebermoos die Alge so gastlich 
aufnimmt, wcil diese ihr gebundenen N, den sie zu bereit^Tn 
vermag, als Gegenleistung iiberlasst. 

3. Eine sehr aufifallende Erscheinung in den Nostockolonien sind 
die nie fehlenden, die Kolonien nach alien Richtungen durchsetzenden, 
einzelligen breiten Haare. Sie sind zweifellos von Bedeutung, doch 
liber diese konnen nur Vermutungen geaussert werden. 

Die Nostoc-Behalter machen den Eindruck von Lockfallen flir die Alge 
und es ware m6gli<'h,dass die erwahnten Haare durch bestimmte Ausschei- 
diingen eine anziehende chemotaktische Wirkung auf die Alge ausuben. 
Audi die Muglichkeit ist nicht von der Hand zu weisen, dass die 
Haare viellcicht die vender Alge gebildetcn N-Verbindun- 
gen aufzunchmen bestimmt sind und dem Moose zufiilircn. 

Es diirfte kein Zufall sein, dass sich in den Blatthohlen von 
Azolla nebeii der Anabaena ahnliche Haare vorfinden und schon 
Strasburger vcniiutet hier ernahrungsphysiologische Beziehungen zwi- 
schen den Anabaenaschniiren und den zwischen diesen eindringenden 
Kolbenhaaren^^ 

O StrasUirger E., Ober AzoUa. Jena 1878. p/ 89-40. 
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Dersclben Meinung ist auch Oes‘^, der niit grosser Wahrschein- 
lichkeit bewiesen hat, dass Azolla freien Stickstoff zu assiniilieren 
vermag und vermutet, dass die Haare in den mit Anabaena crfiilltcn 
Blatthohlen dabei eiiie Rolle spielen. „ Die Etweissrcactionen der 
Keulenh^are, die die Azolla zvvischen die endophytischen Anabacnen 
iiineinsendet, berechtigen zu der Vermutung, dass Anabacna Azollae 
bei der Assimilation des freien Stickstoffs cine Rollc spiele. Es liessc 
sich, gestiitzt auf die mi^etcilten Beobachtungen and Vcrsuche cin 
Symbioscverhaltnis denken, wobei die Anabacna der Azolla N-Verbin- 
diingen liefem und dafiir anderc Stoffe z. Ik Kohlchydrate einpfangen 
wiirde. Die Keulenhaare scheinen hicbei als Briicke zu dienen.” 

Oes war es auffallcnderwcise nicht gegluckt, die Anabaena Azollae 
in Reinkultur herauszuzuchten aber meinem Assistenten Herrn 
Dr. Limberger gelang nicht nur dies, sondern, wie ich mich selbst 
iiberzeugte, auch die Kultur von Azolla frei von Anabaena. Die von 
Anabaena befreite Azolla wachst schr iippig unci so niochte es, da es 
gelungen ist, Anabaena und Azolla unabhangig von einander zu ziehen 
auf den ersten Blick scheinen, als ob die bciden Pflanzen nicht viel 
Nutzen von einander hatten. Aber in Wirklichkeit konnte die Sache 
doch anders liegen, da wir ja auch die Flechtengonidien fur sich rein 
kultivieren konnen und doch von ciner Syinbiose zwischen Alge und 
Pilz uberzeugt sind. 

Bekanntlich konnen auch insektenfressende Pflanzen ohne Insekten 
leben und doch wird heute kein Physiologe daran zweifeln, dass der 
Insektenfang den insektenfressenden Pflanzen sicher von Nutzen ist 
und einen wertrollen Nahrungszuschuss bedeutet. 

4. Auch der Frage, was geschieht denn schliesslich mit der 
Nostockolonie ini Thallus der Lebermoose, schenkte ich Aufnierksani- 
keit und kann daruber folgendes mitteilen. Der Thallus der Blasia 
verliert im Winter sein Chlorophyll, er vergilbt, und nierkwiirdigerweise 
vergilben auch die darin befindlichen Nostockolonien ; auch sic verlieren 
ihre grune Farbe und werden gelblich. Ganz auffallend ist der Unter- 
schied zwischen den gninen und vergilbten Nostcx:zellen. 

Die grvinen erscheinen mit graugriinem Zellinhalt prall gefiillt, 
zeigen das normale Aussehen und geben intensive Raspailsche Reaction. 

O Ocs A., Ober die AAsimilation des freien Stick.stoflfs dutch Atolla. Zeitschr. f. Botanik. 

IMS, 6. Jk. p. 161. 
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Die ver^ilbten hin^egen haben ihren Inhalt mchr cxier weniger cinge- 
biisst, sind grau ocicr braunlicli gelblich und geben auch nicht in 
Spuren die Raspailschc Reaction. 

Die Unterschiede sind in die Aiigen springend. Es driingt sich 
dabei unwi 1 Ikurlich die Ansicht auf, dass zu de.r Zeit, 
wenn die Bhisia vergilbt, allc vvertvollcn, noch verwend- 
bareii Stoffe zui* Aiisbildung dcr tiefgninen, massenhaft 
ersclieinden Brutkorper und der Frhchtc aus dem Thallus- 
parcnchym und den Nostockolonien cntnonimen und diese 
dabei grosscnteils ausgesogen und verdant werficn. 

Auch bei Bchandlung luit Jodjodkaliiiin zeigt sich iin Verhalten 
der griinen und vergilbten Kolonicn ein grosser Unlerschietl. Jene 
farbLMi sich tiefbraun, diese gar nicht. Die Braimfarbiing kann \'on 
Eiweiss Oder (Tlykogen oder v^on beiden herdihren. 

RRKLAKUNG DER TAI EL 
Hlasia pusilla. 

1. ‘I'hallub mil den Haschenformigen Brull)ehaltern und den N’osUxkolonicn 
u. Vergr. 4. 

2. Daucr-BrutkOrfxr mil anbangemlem Sticl .**. Vergr. 312. 

Fig. a. „ Sternschuppe " mil 2 Nostocherden in den Blattohrcn. Vergr. 123. * 

Fig. 4. Fine Noslockolorvie im lilattohr mil den llaarcn 1». N'crgr. 500. 

Fii;. 5. F.in Teil cinei solchcr KostocknUmic mil <lcn lluarcn h, etvva»i wHiuetsclit. 
N’ergr. 600. 

Idg. 6. F/nic Kcinkullur der BIasia-N*»sloc in ciner Prolxrdhie auf Agar. 6 
Monalc alt. NatilrJ. Clrossi*. 

I'’ig. 7. 3 epiphylische Nostockolonicn von Slcrnsdiupj^en \'cigr. 625. 

k’ig. S. TImllusstUck mit Nostockolonicn und massenhaftcr AMageriing von Ft )..ra 
in Form von dunklen Slrcifcn s. Vergr. 16. 

Fig. 9. .Stilcke dcs C(\Cti. Vergr. 312. 

ERKl.ARUNt; DER TAFEL. 

Cavicularia densn. 

Fig. 1. Thallii.sslUck mit NosbiCCoionicn n, In f^ngsreihen rechls und link', von 
der Mitte. Vgr. 4. 

Fig. 2. Thallusslllck mit Nostoccolonicn n und Brutk6r}>erl>eh5Uern bl>, \’ergr. 4. 

l‘‘ig. 3. Nicht rnhender BruikOrpcr, bereits inficiert mit 2 Nostocadonicn nn. 
Vergr, 123. 

Fig. 4. Ruhender BrutkOrper. ii der Sitz der Initialen^ s Stick Vergr. 123. 

Fig. 6. Zcrdrlicktc Nostoccolonie mit den Kolbenhaoren h. Vergr. 60C‘. 

Fig. 6. Rcinkullur von Nosloe auf Agar, c Kolonien. NatUrl. OrOsse. 

Fig. 7. Querachnitt durch den inittleren Teil des lliallus mit 4 Pnrenchym- 
Iritndeln p, die C<.\Ca filhren. Unten Rhizoiden r. \>rgr. 50- 

Fig. 8. Stilcke von COjjCa aus den Purenchyinbilndeln. ^'erg^. 312. 
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MASA'rO 'lAlfAKA uni» NAOMASA SIIIMOTOMAI. 

Durch die von Nienburir*^ veranl.isst, teiltc cincr von 

uns iin vorij^cn jahre cinen Refund uber (iic Kmbryobildung von 
Sargassum Die Eizcllo dieser Algc besitzt niiinlich iin Beginn 

ihrer Kntwickking zwei grosse Kerne, einen ini Zcntruni, den andcren 
iin unteren Pole. Nienburg hat seinerzeit den unteren fiir cinen in 
J3egeneration begriffenen gchalten. Dies ist aber nicht der P'all. Bci 
der weitcren lintwicklung teilen sich diese zwei Kerne in gleicher 
VVeise, sowohl der oberc wic der unterc, ganz normal im mitotischer 
Weise. Also kamcn wir damals zum Schliisse, dass das Va von 
Sargassum merkwurdigerwcivsc zwei Eikcrne in sich beherbergt. Da 
es aber sehr imwahrscheinlich ist, dass diese ^)eiden Kerne oder dor 
cine von ihnen durch die Samenkerne befruchtet werden, sind uns 
Zwcifel aufgcstiegen, ob uberhaupt cine Hefruchtung bei dieser Alge 
vorkommt. Urn diesen l^unkt aufzuklaren, begaben wir uns wieder 
in diesem I'ruhling nach Misaki zur Riologischcn Station der kaisorlichen 
Tokio Universitiit. Wie schon bekannt, schreitet die Kntwicklung dcs 
Oogoniums die.ser Alge bestinimt im allgemcincn periodisch und simultan 
fort. Dariim kann man das betreffende Material nur zu gewissen 
Stunden an gcwi.sscn Tagen gewinnen. Zuerst batten wir goglaiibt, 
dass die von uns gewiinschten Stadicn, d. i. die meiotischen Phasen 
des Oogoniumkerns nur in der Nacht zu kommen pflegen. Dies ist 
aber nicht richtig. VVeitcre Erfahrungen haben uns gelehrt, dass 
diese Stadien manchmal aiich am Tage auftreten. In Misiiki wuchern 
verschiedene Arten von Wie bei der vorigen Arbeit, 

haben wir auch diesmal hauptsachlich nur Sarga,ssum enerve benutzt. 
Da die Einzelheitcn iiber die Teilungsvorgange des Oogoniiimnukleus 

0 Nienl)Urg, W., Die (''•^onentwickhing bci Cystosira und .Saigassum. (Flora, Ncue 
Folge, \U\. 1910, S. 170.) 

Tahara, M., Zur Kenntnis drr Kcimeutwicklung bci Sargassum. (Science Kc^xirts of 
the Tohoku Iin|)erial University Vol 1, No. 1, 1924- p. 91.) 
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in cler nachsten Mitteilimg genauer berichtet werdcn, mochten wir hier 
nur die Tatsache betonen, dass die ersten zwei aufeinander folgenden 
Kernteilungen im Oogonium in natura ganz iind gar meiotisch sind. 
Fig. 1 a und b zeigen die Pol- und Seitenansicht der ersten, also 
heterotypischen Kernteilung ini Oogonium. Die cine von die.sen Figuren, 



Fig. 1. a. 5ieitenansiclit der heterotypischen Kernteilung im Oogonium (x 1600V 
b. Die Polansicht dersell>cn Tcilung (x3200'. 

(lie Polansicht, wurde etwas starker vergrossert gezeichnet als die andere. 
In dicser Teilung kommen Zentrosomen, je eins an jedem Pole, imnier 
sehr deutlich vor. Die Chromosomen sind viel dicker als die der 
somatischen Kernteilung. In der Polansicht lassen sich ohne Schwie- 
rigkeit «*V2 Chromosomen zahlcn. Die Haploidcliromosomenzahl von 
Fucus vesciculosus betragt nach Yamanouchi*^ auch 32. Man wiirde 
also vielleicht berechtigt sein, anzunchmen, dass die gesamten Arten 
von Fucaceae dieselbe Chromosomenzahl 32 zeigen. 

Die somatischen Kernteilungen. von Sargassum konnen bei der 
Keimentwicklung leicht beobachtet werden, aber es ist ziemlich schwer, 
cine gute Polansicht zu finden, welche die Chromo.somenzahl von dieser 
Alge klar zu bestimmen erlaubt. Also lelder konnen wir die diploide 
Chromosomenzahl von S. enerve hier nicht cxakt angeben. Es kann 
jedoch nicht bezwcifelt werden, dass diese etwa 60 betr%t. 

O Yamanouchi, S., Mitosis in Fucus. (Bat. Gtu. Vol. XLVIT, 19C9. p. 173.) 
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Das oben erwahnte Itrgebnis iiber die meiotischen Tcilimgen im 
Oogonium hat die Vermutung betrefifs der Parthenogcnese dicser Alge 











Fijj. 2. Schematischc DarstcUung der Ei- und Keimcntwickluiig von Sargassuin. A-C. 

Mciotische Tcilungen im Oogonium. D. Achtkernigs Stadium. E. K, Erste 
Teilung in der Kcimeritwicklung. II. Prophase der zweiten Icilung. Ff. 
Metaphase ders<*ll>ca Teilung. T. Vier/eliiges Stadiums des Keinics. 
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vernichtet. Es erschien nun sehr wunschenswert, die ersten Stadien 
der Keimcntwicklung init hochster Sorgfalt noch einmal zii untersuchen. 
Neuerdings wurde eine l^iologische Station der hiesigen Universitat 
in Asamushi, nahe bci Aomori, eingerichtet. Diesen Sommer batten 
wir das Gluck, dort gcniigendes Material fur weitere Untersuchungen 
zu gewinncn. Die Meoresvegetation in Asamushi ist etwas anders 
als die in Misaki. Diesmal fixierten wir hauptsachlich Sargassum 
tortile. Eine ganz iinerwartete Erscheinung habcn wir bei dieser Alge 
gcfunden. Durch die drei aufeinander folgcnden Teilungen entstehen 
zuerst acht Kerne in jedeni Oogonium. Bisher haben wir bloss 
angenommen, dass von diesen acht Kcrncn sechs zu Grunde gehen 
und zwei sich definitiv zu Eikerncn ausbilden. Das war aber eine 
grosse Tauschung. Nicht scchs, sondern sieben degencrieren, und im 
Momente dieser Degeneration fuhrt der einzig inlakt bleibende Kern 
eine nochmaligc mitotische Teilung aUs. Diese Teilung verlauft in 
etwas eigcntumlicher Weise. In der Anaphase trennen .sich die zwei 
Tdchterchromosomklumpchen sehr rasch voneinander. Also schon in 
der Tclopha.se liegen die zwei nqu entstandenen Tochterkerne in grosser 
Entfernung. Es Ist benierkcnswert, dass diese Teilung immer in der 
Peripherie der Eizcllc, nicht in ihrem Zentrum au.sgefuhrt wird und 
der eine von diesen zwei Kernen immer in der Peripherie bleibt und 
der andere sich nach innen zu bewegen pflegt. 

Lcider konnen w'ir hier nicht siigen, wo und wie die Befruchtung 
bei dieser Alge stattfindet. Aber un.serer Meinung nach durften die 
in dieser Wei.se entstchenden zwei Kerne schon von Anfang an mit 
diploiden Chromosomen begabt sein und konnen nicht mehr Eikerne 
genannt warden. Hoflfentlich werden wir in dcr nach.sten Mitteilung 
alles klar zu machen imstande sein. Die etwas schematiwsch gezeichneten 
Textfig. 2, A-I werden die aufeinander folgenden Stadien der Ei- und 
Keimcntwicklung dieser Alge verstandlich machen. 

Zum Schlus.se mochten wir Herrn Professor Dr. Naohide Yatsu, 
Direktor der biologischen Station zu Misaki und Herrn Professor Dr. 
Shinkishi Hatai, Direktor der biologischen Station zu Asamushi unsern 
verbindlichsten Dank fur ihre freundliche Unterstiitzung aussprechen. 
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EKFI ARO NOMURA. 

The acjuatic oligocli.etc, whicli has not yet been described, is found 
in gutters and ditches of Tokyo and Sapporo. It shows the main 
characters of Tiibifex anil I propose the name I'libifex hattai. The 
new name is chosen to express my sincere regard for Prof. S. llatta, 
Professor of Zoology, Imperial University of Hokkaido. 

liefore taking up the subject of this pajx'r I wish to express my 
heartfelt thanks to Prof. .S. Goto for his helpful advice, and to Prof. 
S. Hatai for kindly giving me access to his library. 

I. DESCRIPTION. 

Colour of the body pinkish yellow, shaded posteriorly with light 
gray. Number of segments 85-110. Body length above 10 cm. in 
fully mature and well narcotized, July specimen. Clitellum forming a 
nearly complete ring, occupying Segment XI and anterior two-thirds 
of Segment XII. Clitellar portion the wiliest, easily di.stinguished from 
the succeeding portion, and measuring about 1 mm. or more. Pre- 
clitellar jjortion, diminishing in width somewhat rapidly and ending with 
a conically pointed prostomium. Postclitellar portion gradually diminish¬ 
ing in width posteriorly to the la.st segment. 

Brain squarish, emarginate jiosteriorly. 

Sete sigmoid and capillary, preclitellar dorsal sigmoid bifurcate and 
uni- to tetra-dentate; iwstclitellar and ventral sigmoid invariably bifur¬ 
cate ; both branches of bifurcate sigmoid of about equal size. 1‘iach 
dorsal seta-bundle consists mostly of four sigmoid and three capillary 
sefcc in the preclitellar segments, fewer posteriorly. Piach ventral seta- 
bundle consists mostly of four sigmoid seta; in the preclitellar segments, 
also fewer posteriorly. 

Septal sacs attached to the jwsterior faces of Septa V/VI—?XIV/XV, 
on the ventral side of the alimentary canal; anterior ones better developed. 
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Fig. 1. 



Diagmmmatic representation of the principal 
organs. Segments I—^Vni are seen from the ven-> 
tral side and Segments DC—XIV from the dorsal 
side. One of the sperm^ducts shown on the left 
side of this diagram shows that it is extended into 
the posterior ovisac and that the ciliated and noii^ 
ciliated portions are of nearly ecj[ual length. I— 
XIV—nunilKrs of segments, ag—anterior pharyn¬ 
geal gland, an —first and second anterior nc- 

phridia, as—anterior sperm-sac, br—brain, chi— 
chloragt)gucs, clit—clitellum, h—heart, oes—a’so- 
pbagus, o. s—ovisac, ov—ovary, ov.d—oviduct, pg— 
posterior pharyngeal gland, phr—pharynx, pni^s— 
posterior nephridia, pr—prostate gland, p, s— 
posterior B|)erm-8ac. sp. d > sperm-duct, spth—sper- 
mathcca, te—testis, vv—ventral vessel. 


Pharynx in Segment II. Oesophagus in 
Segments III—V. Pharyngeal glands well 
developed in Segments III—V. Intestine 
and chloragc^ues commence in Segment VI. 

Anterior nephridia in Segments VII and 
VIII, paired. Posterior nephridia commence 
in Segment XIII, those of the right side 
being invariably absent. 

Intestinal hearts in Segment VIII. Dor¬ 
sal and supraintcstinal vessels separately 
present anterior to Segment IX; dorso- 
supraintestinal vessel from Segment IX to 
the last. Subintestinal vessel present an¬ 
terior to Segment XI; ventral vessel present, 
discontinues in Segments VIII and IX; seg¬ 
mentary subintestinal vessels in segments 
posterior to XII. 

Testes in Segment X. Ovaries in Seg¬ 
ment XL Sperm-sacs unpaired; anterior 
one in Segment IX; posterior one in Seg¬ 
ments XI—XIII. Ovisac in Segments 
XII— Xni. Sperm<^ducts very long, about 
four times as long as the longest segment 
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of the body, viz. XI, or longer. Each vas deferens consists of 
a proximal, narrow, cilliated, and a distal, wide, non>ciliated ix)rtion ; 
both of about equal length. Atrium about half as long as Segment 
XI, its distal portion continued to the penis without a distinct, 
intervening duct portion. Prostate gland large, irregular in shape. 
Penis short, conical, without chitinous sheath. Spermatheca? in Segment 
X, paired, saccular in shape, .opening laterally midway between the 
dorsal and ventral seta-bundles on either side of the body. Spermato- 
phores present. 

Habitat—^Tokyo, Sendai, Morioka, Sapporo. 

II. AfJATOMY AND HISTOLOGY. 

The materials were narcotized with chloreton and fixed with acetic 
sublimate. 

1. Body Wall, Septa, Septal Sacs and InterseiiMental Organs. 

1) The body wall is generally thin except in the anterior portion 
of the body. Die ersten 5 Segmente,'* writes Vejdovsky (1884) for 
his Tubifex rivulorum, ‘‘ in zwei ungleiche Ringel geteilt, von welchen 
das hintere, breitere, die Borsten tr^t.'' Dixon (1916) denie.s, however, 
the presence of annuli in the same species and states that “ The 
worm never exhibits any ‘ secondary * annulation of the segments, such 
as occurs so generally in Limnodrilus.*' In living specimens of Tubifex 
hattai, when the animal is retracting its body, annuli are formed on 
some of the anterior segments. Segment I is always single. Segment 
II consists of a shorter anterior and a longer posterior annulus. Seg¬ 
ments III and IV con.sist of thre-e annuli, increasing in length |x)s- 
teriorly. The longest hindermost annuls in these segments always bears 
the .seta-bundles. 

The outermost cuticular layer is very thin, measuring about 0.5 //, 
and structureless. The pore canals or the openings of the hypodermal 
gland cells measure 1-1.5/i, in diameter. 

The extraclitellar hypodermis measures in the preclitellar portion 
3.6-6 fi, and in the postclitellar portion less than 3 //. The ordinary 
hypodermal cells contain a compact granular cytoplasm and the cell- 
boundaries are observed only at both ends of the worm. The nuclei 
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mostly are compact and discoidal, being scattered in the middle of 
the hypodermal layer, but at setal regions and at both ends of the 
body they are rather roundish and more or less vesicular in appearance. 
The hypodermal gland cells are comparatively abundant in the anterior 
segments, but fewer in the posterior. There is no regularity in their 
arrangement. Each gland cell contains a feebly staining and finely 
granulated cytoplasm and a discoidal nucleus at its base. 

Ki«. 2. 


ti.(;c n.pli hp |)C 



n.pt 

Cro^s section through the clilellum of a mature s|K'('iinen. c--cutlcle. cm—circular 
muscle, gc-—clitcllar gland cell, hp^—stipjx>rting cell, Im—longitudinal muscle, n. hp— 
nucleus of supporting cell, n. gc—nucleus of clltcllar gland cell, n. pt^—nucleus of 
peritoneal cell, jk.'- pore canal, pt—|)critoneuni. 

The clitellum is thinner on the ventral side than on the dorsal and 
sliows the ordinary structure of the hypodermis at the setal regions 
and the genital pores. Beside these a slight depression of the ordinary 
structure is seen on the ventral median line of Segment, XL It is a 
long elliptical depression extending from near the anterior septum to 
about the middle point between the male pores. The clitellar hypoder¬ 
mis is very thick, measuring 15-20/Lf, and is highly glandular; it 
consists of large clitellar gland cells and strongly comprcssi^d supporting 
cells. The clitellar gland cells vary in form according to the stages 
of their activity. Each young gland cell is cubical or low prismatic 
and contains a feebly staining cytoplasm and small granules stained 
deeply with eosin. In a more advanced stage, the small granules 
aggregate and unite into globules of different sizes but always less 
than 3 ft in diameter. These globules take h;ematoxylin in haematoxy- 
lin-eosin stain ; congo-red in hcematoxylin-congo-red stain, the cytoplasm 
rather taking hacmatoxylin; and carmine strongly in picro-carmine. 
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So these globules are easily distinguished from yolk granules which 
always* take bnly plasma-stains. The fully developed gland cells are 
mostly spherical and again return to their initial state. In Tubifex 
rivuloruni these cells at their maximum development may be as much 
as 40-45// long, ami 11-14// across (Dixon, 1915). The nucleus of 
each clitellar gland cell is greater than that of the extraclitellar, spheric¬ 
al or ellipsoidal, nucleolated and situated at the proximal half of a 
cell. The nucleus of each supporting cell is strongly compressed, non- 
nucleolated and situated at the middle of the cell. 

The muscle layers are not so well developed even in the anterior 
segments. Kspecially in the posterior segments the longitudinal muscle 
fibers can hardly be detected in cross sections. 

The peritoneum is well developed in the anteriormost segments and 
sometimes twice as thick as the longitudinal muscle layer and has a 
cellular structure, but in most portions of the body it is of about the 


Fig. 3. 



CrcJSH section through sjiermathecal pircs. al--alimentary canal, cv- c*domic 
commissural vessel, d. .sl>—dorsal seta-bundle, dv—dc^rso-supraiuteslinal vessel, re¬ 
floating sperm-cells, ifm—interfolbcular muscle, ipm—interparietal muscle, nc—ventral 
nerve cord, pyra—parictovaginal muscle, spth. p—s'Xjrmathccal sh--ventral seta- 

bundle, siv—subintcstinal vessel, vv—ventral vessel. 
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same thickness as the longitudinal muscle layer and shows a fibrous 
appearance. The inner surface of the peritoneum is genefally smooth ; 
the nuclei mostly are fusiform or ellipsoidal, nucleolated or non-nucleo- 
lated and always situated near the inner surface. 

The lateral lines can not be detected in the posterior segments, 
but in the anterior they are quite distinct from the peritoneum. In 
Tubifex rivulorum Dixon (1916) could not find absolutely surely the 
lateral lines, but Vejdovsky (1884) gives a fine figure of this structure. 

The outline of the body as seen in cross sections of Segments X and 
XI is notable for its special shape in connection with the muscle fibers. 

In a cross section through the spermathecal pores or the seta-bundles 
of Segment X the outline of the body shows a wider dorsal and a 
narrower ventral half (Fig. 8). This is caused by the interparietal 
muscle fibers which run out obliquely from the dorsal median wall and 
are attached to the lateral wall near the spermathecal jx^re or the 
lateral line on either side of the body. 


Fig. 4. 



Cross section through the anterior portion of Segment XI. al—alimentary canal, 
cv—coclomic commissural vessel, dv-^dorso-supraintestinal vessel, ipm.-^interparictal 
muscle, 11—lateral line, nc—ventral nerve cord, ov—ovary, ps—posterior si>erin-sac, 
siv—subintestinal vessel, sp. d—ciliated portion of vas deferens, sp. g»>clitellar 
depresskm, vv—ventral vessel. 
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Segment XI shows just the reverse of Segment X and is narrower 
in its dorsal than in its vcntol half, and somewhat triangular in shape 
as a whole (Fig. 4). This is due to the interparietal muscle fibers 
which connect the lateral to the ventral median wall. These fibers 
are well developed in connection with the clitellar depression, where 
they are attached not only to the ventral wall but also to the dorsal 
giving rise to a deep ventral indentation. In the male pore region 
the inlet vanishes and the ventral wall becomes flat, the male ports 
opening directly on the ventral surface. A similar relation can be 
.seen in connection with the female pores. 

2) The septa begin at the intersegment III/IV, In the preclitellar 
segments they are always funnel-shaped, with the smaller end directed 
posteriorly, while in the postclitellar segments they are all set trans¬ 
versely to the intestine. The septa are generally very thin and con¬ 
tain a feebly developed septal, mus¬ 
culature. The musculature of the 
preclitellar septa can be distinguish¬ 
ed into four groups according to 
their functions; circular fibers sur¬ 
rounding the alimentary canal; se¬ 
micircular ones binding the ventral 
nerve cord to the ventral body wall; 
radial ones connecting the intestinal 
circular muscle to the body wall; 
and lateral ones connecting the in¬ 
testine to the body wall (Fig. 6). 

In the postclitellar septa the circular 
and the lateral muscle fibers are 
not developed and more po.steriorly 
only the radial fibers are seen start¬ 
ing directly from the intestinal wall. 

3) The septal sacs are attached in pairs to the posterior faces of 
Septa V/VI—X/XI, on the ventral side of the intestine. They are 
developed in different degrees according to the degree of se.xual mat¬ 
uration, but generally those of Septa VI/VII and VII/VIII are the 
largest, and those of Septum V/VI next in size, while tho.se of Septa 
VIII/IX—X/XI are smaller. In the Sslpporo-specimens additional pairs 


Fig. 6. 



s 

nc 


Septal mubclcs from an an¬ 
terior segment. Reconstructed 
from sections, al—alimentary ca¬ 
nal, dv-—dorsal vessel, nc—ventral 
nerve cord. 
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of septal sacs are found pos¬ 
teriorly to Septum XIV/XV and 
the ones behind Septum IX/X 
are also well develoj^d. The 
septal sacs ordinarily are devel¬ 
oped equally on both sides of 
the body, but sometimes one 
of a pair may atrophy and 
when this is the case the re¬ 
maining one is hypertrophied 
and reaches even to the dorsal 
side of the intestine (Fig. 6). 

Each septal sac consists of 
a thin structureless membrane 
and numerous cells contained 
in it (Fig. 7). The bottom 
cells are mostly small and 
spherical and contain a compact 
cytoplasm of embryonic ap|x?ar- 
ance having a great affinity for 
ha^matoxylin in hfumatoxylin* 
eosin sbiin and Congo-red in 
hiumatoxylin-congo-rcd stain. These cells arc very similar in appear¬ 
ance to those of IJmiKxlrilus gotoi, which are taken by Stephenson 
(1922) to be chromophil cells. But they arc nevei chromophil 
cells, so far as he defines them to be stained deeply only with 
nuclear dyes. The cells at the entrance are irregularly shaped, aggre¬ 
gated compiictly and look like a glandular tissue. The cytoplasm 
always takes plasma-stains. The nuclei of both forms of cells are 
spherical and nucleolated. 

4) The intersegmental organs are fairly large sized cell masses 
found on the anterior face of each septum behind XII/XIII, directly 
dorsal to the intestine. In living specimens they can be easily dis¬ 
tinguished under a low power from the chloragogues by their compact¬ 
ness and transparency. They are pear-shai)ed, attached to the septum 
by the narrow end and are also observable in total preparations stained 
with borax-carmine. In section's, each one is seen to receive a few 


Fijj. 6. 



Cross section throu|;h Segment VII 
just behind Septum VI/VII, to show 
hyj)ertrophicd septal sac. al—alimcntiry 
canal, chi->chloragogues, dv> dorsal 
vessel, 11—^lateral line, nc—ventral nerve 
cord, sp. m—septal muscle filjers, ss— 
septal sac, vv—ventral vessel, which is 
united with the subintestinal vessel at 
the middle of the segment. 
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muscle fibers from the septal mus¬ 
culature but is not connected with 
any other organ. Each constituent 
coll is generally rather small, round¬ 
ish and contains a compact nucleus, 
but sometimes it attains to an ex¬ 
traordinary size, with two or more 
(sometimes 5 or (>) nuclei, and may 
he pear-shaped and contain a com¬ 
paratively large vacuole in the distal 
half. The cytoplasma always take 
up plasma-stains. 

The above refers to the ordinary 
intcrscgmental organs, but some 
notable variations are often met 
with. In one case the organ was 
formed by an anterior bulging of 
the septum and covered by peculiar 
cells, and in another case the sac 
was directed |X).steriorly and l(X>ked 
just like a septal sac with its con¬ 
tained cells. From these facts 1 
conclude that the organ is primarily 
nothing but the outgrowth of a 
septum. Moreover since its pasition 
is the same as that of the genital sacs and, since when the latter are 
well developed the inter.segmental organ attached to Septum XII/XIII 
disapfjears, the organs in question are perhaps homologous with the 
genital sacs. 

The ccelomic commissural vessels enter the intcrsegmeiital organs 
as soon as they leave the dorso-supraintestinal vessel. 

“ The coelom,'* writes Dixon (1915) of her Tubifex rivulorum, ** is 
always filled with a colourless coelomic or perivisceral fluid, by which 
all the organs of the body are constantly bathed. Suspended in the 
fluid are a number of colourless corpuscle which may be described as 
cfelomic or perivisceral corpuscles. The number of these corpuscles in 
different individuals varies enormously, but two kinds are usually 


7. 



SiTtioiK to .sh{»w cells con¬ 
tained in a sej)tal sac. In A are 
shown cells .at the entrance and 
in B bottom cells. 
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recognizable—amoeboid and spherical.** In Tublfex hattai these cor« 
puscles are very rarely observed. 

2. Skt/e and seta-bundles. 

As to the setae of Tubifex rivulorum they arc described in different 
ways by different authors. 

Dorsal sete— 

** Die Riickenborsten der vorderen 15-16 Segmcnte in 3 Zahnchen 
getheilt oder undeudich kammformig, zwischen wclchen noch Haar- 
borsten sich linden. Vom 16. Segmente an bis zum hinterem Korpcr- 

endc sind nur gegabeltc Borsten init glcich langen Zahnchen- 

Tubifex rivulorum ist in deni ausseren Habitus des Korpers nach setnem 
Wohnorte ausserst verandcrlich. Die ini sandigen Grunde der reinen, 
fliessenden Bache lebenden Wiirmer sind lebhaft roth, dunn, mit cigen- 
thiimlich gekri'immten undeudich kammformigen Borsten ** (Vejdovsky, 
1884). 

Integument furnished with only two kinds of spines, viz. hair-spines 
and forked spines. Fan-shaped or pseudo-comb-like spines never 
present ’* (Eisen» 1886). 

Dorsale Biindel am 2-16. Segm. mit gieichzinkig gegabelten 
Hakenborsten, die ein Mittelzahnchen oder einen undeutlichen Kamni 
zwischen den beiden Zinken tragen, sowic mit Haarborsten ; am Mittel- 
korper und Hinterkorper nur mit einfachen, gleich-zinkig gegabelten 
Hakenborsten ** (Michaelsen, 1900). 

** Three kinds of setas are present, viz. capilliform, uncinate, and 
pectinate. The distribution of the capilliform setae is limited, for they 
are confined to the dorsal bundles, and do not usually extend further 
back than the 30th .segment. The uncinate setai arc common to both 
dorsal and ventral bundles throughout the body, while the pectinate 
form is limited to the dorsal bundles of the anterior segments, and is 

absent from .some of these. -.The uncinate sete in the dorsal bundles 

have the two prongjs equal in size and of the same shape, that is, 
somewhat narrow throughout and tapering gradually to a very fine point 

at the dorsal end..The pectinate setae resemble the uncinate of 

the dorsal bundles in general form. The only difGsrence between them 
is the presence, in the pectinate form, of subsidiary prongs between the 
' two main divisions of the seta---Tlieir number (subsidiary prongs) 
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varies from 1 to 4, the latter number occurring most rarely. I have 
not yet been able to identify the webbed setae described by I^nkester ** 
(Dixon, 1916). 

From the above descriptions only one common point is made sure; 
that is that the dorsal bifurcate setce of Tubifex rivulorum have bran¬ 
ches of equal size. 

Ventral setae— 

Die Bauchborsten durchaus von gleicher Form, gegabelt, das 
obere Zahnchen linger als das untere ** (Vejdovsky, 1884). 

“ Ventrale Biindel mit gabel-spitzigen Hakenborsten, deren obere 

Zinke stets linger als die untere ist.Geschlechtsborsten fehlen " 

(Michaelsen, 1900). 

“ In the ventral bundles, where the uncinate seta: only are present, 
the two prongs are of slightly different size and shape. The dorsal 
one is somewhat slender, and comes to a sharp point at the tip. The 
ventral one is shorter than the dorsal, and of a blunter nature, its 
apex being somewhat more rounded (Di.xon, 1916). 

These descriptions coincide on the point that each ventral seta of 
Tubifex rivulorum has a longer, upper and a shorter, lower branch. 

Three kinds of setae are found in Tubifex hattai. 

1) Bifurcate sigmoid seta:. This form is most widely distributed 
on the body. The dorsal setae in most segments behind the clitellum 
and all ventral setae belong to this category. The upper branch of 
each seta is generally longer and more slender than the lower, but 
some of the ventral setae on the middle segments sometimes have the 
upper ‘branch shorter than the lower. The nodule is smooth and lies 
in most seta: at two-thirds setal length from the proximal chd. The 
largest setae measure almost 146 /i and are found on Segments III— 
VIII, but on the |iosterior segments those of only 80 fi are common. 

2) Dentate sigmoid setae. This form is found only in the dorsal 
seta-bundles of the anterior segments. It apj^ears somewhat thinner 
and seems to have less sigmoidal fle.xure than the first. The nodule 
is smooth and lies at about two-thirds setal length from the proximal 
end. The portion between the nodule and the tip is seemingly stronger 
than in the bifurcate form. The tip bears 1-4 middle teeth between 
the principal branches. The latter are nearly straight and appear of 
equal size even under a high power. Each middle tooth is conical 
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Fig 8. 



Setx*. ABC from dorsal seta-lnindies and a b c from ventral. A—the largest 
from .Segment V, B'—the largest from Segment III, C—the large.st fnun .Segment 
X, a—the largest from Segment III, b—the largest from .Segment XV, c—a small 
comjAele seta frotn Segment LXX. 


or rather bat-like, and is attached by its narrow end to the bottom 
of the furcation. The number of middle teeth vary even in the same 
seta-bundle and generally the oldest seta, which is found near the 
dorsal median line of the body, has more middle teeth than the young¬ 
er. The dorsal sete of Segments II—VIII are mostly tri * or bidentate, 
p while those of Segments IX—XII are unidentate or simply bifurcate. 
The tetradentate ones arc found in most cases in Segments V and VI 
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only. The furcation of a unidentate seta is closely similar to that 
of the bifurcate. The dorsal sigmoid seta; arc always shorter than 
the ventral of the same segment. 

3) Capillary seta^. These are confined to the dorsal bundles and 
to the front half of the body. Each one is thickest at its proximal 
end and gradually narrows to the tip. It is always thinner than the 
sigmoid of the same bundle, and it may measure up to 0.8 mni. On 
Segments III—VIII these setec arc noticeably longer and can be seen 
^vith the naked eye when they move about with fragments of algjc. 

The seta-bundles begin in Segment II. In the preclitellar segments 
except X they are situated rather in the middle of the segment, but 
further back they lie in the posterior half; anterior to about Segment 
XV three-fifths segment length from the anterior septum, and posterior 
to the same tw^o-thirds. 


The four seta-bundles of a preclitellar segment lie almost at the 
corners of a squarish cross section, but in the segments behind the 
clitellum generally the dorsal bundles lie more apart than the ventral 
ones and in the posteriormost segments they regain the former position. 

The number of settC in a ventral seta-bundle anterior to Segment 
XIII, except XI, is generally 4, and to about Segment XXV 3; fewer 
posteriorly. The dorsal seta-bundles of the anterior segments, except 
XI, always contain capillary sebc. The number of sigmoid setai is 
in Segment II 3, in Segments III—X generally 4 sometimes 5, in 
Segments XII—?XXX generally 3, and more posteriorly 2-1. The 
seta-bundles of Segment XI, both dorsal and ventral, consist df only 


2 ordinary bifurcate seta.*. Most seta-bundles 
usually contain 1 or 2 young sebc. The num¬ 
ber of capillary sete't is in segments anterior to 
the clitellum mostly 3, rarely 2 or 4 ; fewer 
jxjstcriorly. 

The setigerous organ is of the form com¬ 
monly seen in Tubificidae, with three sets oi 
muscles, viz. interfollicular, longitudinal and 
transverse paiietovaginal muscles. When a 
seta-bundle contains capillary sebe, they arc 
always situated posterior to the sigmoid seta:*, 
and alternating with them (Fig. 9). 


Fig. ». 



Crfiss section of urecli- 
tellar, dor^ setigerous or¬ 
gan. Anterior four arc sig¬ 
moid and thicker, (To-sterior 
three capillary and thinner, 
pt—ijcritoneum, sf--.setiger¬ 
ous follicle. 
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3. Alimentary canal. 

The mouth lies vcntrally at the beginning of Segment L The 
buccal cavity reaches to the beginning of Segment II and the lumen 
presents in cross section a /\-shape. The five layers of the body 
wall, except tlie hypodermis, are more feebly developed in the buccal 
cavity. 

TTie pharynrx is confined to Segment II. It is triangular in cross 
section, with triradiate lumen. The pharyngeal wall consists apparently 
of two layers: the inner endoderm of ciliated columnar cells and the 
outer thin peritoneal connective tissue, which contains a fine vascular 
network and feebly developed muscle fibers. At the beginning of the 
pharynx the endoderm is as thick as the hypodermis of the buccal 
cavity, but a little further backwards it is more or less suddenly 
thickened and becomes about three times as thick or thicker. The 
cytoplasm of the pharyngeal endoderm shows numerous fine strands 
running i^erpendtcularly to the wall. The nuclei are ellipsoid or fusi¬ 
form, nucleolated and are situated at the proximal half of the cell. 
The cilia are stouter and shorter in the dorsal median inlet than in 
the ventral. Many parietovisceral muscle fibers run out radially from 
the dorsal wall of the pharynx to tlie dorsal wall of the body; they 
arc especially numerous at the beginning. 

The pharyngeal glands are well developed and are distinguished 
into two kinds, the anterior and the posterior. 

The anterior pharyngeal glands are irregularly arranged cell-masses 
attached to the dorsal surface of the pharynx. Each mass consists 
of many or sometimes a few gland cells. Each gland cell is pear- 
shaped and contains a somewhat granulated cytoplasm, which always 
takes up congo-red in hajmatoxylin-congo-red stain, and a large nucleo¬ 
lated nucleus in the distal half; its proximal end is prolonged into a 
duct, which either unites with others coming from neighboring cells 
or opens directly into the pharyngeal cavity through the interspaces 
of the endodermal cells. 

The posterior pharyngeal glands are paired, notably laige cell- 
masses enclosed in a thin peritoneal membrane. They begin at the 
posterior end of the pharynx and reach to the. posterior region of 
Segment V. In Segment III they lie on the dorsal side of the ceso- 
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phagus suspended by the parietovisceral niusclc fibers. In Segment 
IV each gland lies on the lateral side of tlie (esophagus, with a dorso 
ventral extension, but as it approaches the posterior septum it gradually 
shifts towards the ventral median line, and in Segment V if is mainly 
situated on the ventral side of the oesophagus. Each gland cell is 
pear-shaped or irregular and contains a cytoplasm which always takes 
up hiematoxylin in lurmatc^xylin-congo-red stain and a large nuclcolated 
nucleus. In the young .state the cytoplasm contains numerous irregu¬ 
larly shajxid granules .staining well with luernatoxylin, but in the older 
state it api^ars to be vesicular. The efferent ducts from the gland 
cells proceed anteriorly forming a pretty large bundle on either side 
of the (esophagus, and open into the p<^sterior end of the pharynx at 
the dorso-lateral side. 

The (jesophagus commences at the beginning of Segment III and 
reaches to the posterior septum of Segment V, the dorsal median inlet 
of the triradiate pharyngeiil lumen being lo.st more or less suddenly 
at the beginning. In cross sections it is elliptical all through. Owing 
to the absence of the .septum at the intersegment II/III, the alimentary 
canal of this portion is widest at the junction of the pharynx and the 
(esophagus narrow ing towards both ends, so as to appear fusiform 
when .seen from the dorsal side, but the (esophagus is distinctly .set 
off from the pharynx by the disappearance of the triangular outline 
of the latter, liach cell of the (esophageal endoderm contains a 
compact, finely granular cytoplasm and a nuclcolated nucleus at the 
proximal side. The outer peritoneum .sometimes shows a cellular 
structure, c.s|^cially on the dorsal side, and in Segment V some chlora- 
gogues are often developed. 

The intestine begins at the anterior end of Segment VI, the external 
diameter of the alimentary canal being suddenly increased by the 
luxurious development of the outer chloragogue coat 100-120/i thick. 
The intestinal lumen i.s nearly uniform in caliber in Segments VI and 
VII and is as wide as that of the (esophagus, but in Segments IX— 
XV it is very spacious, measuring about one-fourth to one-third of 
the segment width, and more ix)steriorIy it gradually narrows to one- 
fifth or less. The endoderm consists of ciliated columnar cells with 
the nuclei lying at the middle. The thickness of the endoderm in 
Segments VI and VII is 30 (i or more, in the middle .segments almost 
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20 and in the posteriormost segments only 10 fx or less. The 
chloragc^ue coat is well developed also in Segments VII—IX, but 
the thickness decreases posteriorly, and in Segment X it is only 20- 
30/i. The chloragogue coat is entirely absent from the middle and 
|K»sterior segments. Each chloragt^ue cell has a more or less granu¬ 
lated cytoplasm and a nucleus containing a large nucleolus in the 
distal half. 

4. Nkphrioia. 

There are two forms of nephridia. Eiich funnel always lies in 
the preceding segment, and is as usual ciliated around its mouth. 

The anterior nephridia are present in pairs in Segments VII and 
VIII. The funnel is continued intt) a long narrow canal which imme¬ 
diately pierces the septum, and becoming smaller proceeds dorsalwards 
along the lateral curvature of the intestine. At the dorsal end it 
undergoes a few convolutions and then turns ventralwards entwining 
with the ascending canal and enters the main mass of the nephridium 
at the ventral side of the intestine. In the main mass the canal under¬ 
goes .several convolutions and after leaving it at its |x)sterior end, the 
canal proceeds in a wavy course to the nephridial ix)re, which opens 
just in front of the ventral set;e. The caliber of the lumen is nearly 
uniform, measuring about 5 /i, except at the short narrower proximal 
portion. The anterior nephridium often presents a racemose appearance 
because of the presence of large ve.sicular |X’ritoneal cells. The shape 
of the main mass is discoidal or flat ellipsoidal. 

The {}osterior nephridia Iregin with Segment XIII and arc present 
only on the left side of the body. The funnel is continued into a 
narrow canal, which after piercing the septum soon enters the main 
mass (Fig. 10). This is long, somewhat undulate, 40-60/i thick and 
lies always by the side of, and spreading over, the ventral vessel, to 
which it closely adheres. In most cavses it reaches nearly to the jxjs- 
terior septum of a segment, but sometimes the po.steriorly elongate 
portion turns back anteriad, and gives rise to a certain resemblance to 
an anterior nephridium. The proximal canal of each posterior nephridium 
has a caliber of 4-7 /a, and proceeds in a long wavy course to the 
posterior end of the main mass. Then turning and proceeding anteriorly 
it oixins into a wider canal at about the antettor end of the main 
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mass. This canal measures 10-20 ft across and jirocccds backwards 
also in a wavy course and again turning back at the posterior end, 
proceeds forwards to about the middle of the whole organ, where it 
leaves the main mass and runs to the left nearly straight to the {)os- 
terior nephridial pore, lying at about one-third segment length from 
the anterior septum on the longitudinal, ventral setal line at the left 
side of the body. 

The nephridia, both the anterior and the posterior, often show a 
temporary ampulla near the nephridial pore. The canal is not ciliated, 
neither is it furnished with a special ampulla, as is figured and pre¬ 
cisely described by Dixon (1915) for Tubifex rivulorum. 

The absence of nephridia from one side of the body has been noted 
in the following Tubificid.e. 

Rhizoclrilus lacteus Smith. ** Nephridia first appear in VllI, but 
in VIII, IX and somites posterior to XI only one nephridium is present 
in each somite, and that is in the left side of the body in all cases 
observed” (Smith, 1900). 

Tubifex irroratus (Verrill). “ Nephridia are frequently developed 
on one side only or altogether absent from many somites (Moore. 
1905). This species accurately belongs to the genus Monopylephorus. 

Tubifex hamatus Moore. “ Nephridia are present on the left side 
only of most, if not of all segments ” (Moore, 1905). 

5. Nervous System. 

The brain lies near the dorsal wall of the body between the pro- 
stomium and Segment I. As shown above it is almost square, some- 
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what narrowed posteriorly and shallowly notched on the posterior 
border. Its cross section is always elliptical. 

“The brain/’ writes Dixon (1915) for Tu- 
bifex rivulorum, “is concave behind and in 



Brain and anterior {K)r- 
tion of ventral nerve cord; 
reconstructed. brain, 1, 
2, S g—first, .second and 
third ventral ganglia, Ipr.g 
—lateral prostoinial gang¬ 
lion, Ipr.n--lateral pro.s- 
toniial nerve, par-g--jurie- 
tal ganglion, pr.g—pros- 
tomial ganglion, pr.n> 
prostomial nerve, pphr.n— 
peripharyngeal nerve. 


fnrnt, and consists of a solid mass of nerve 
fibers and nerve cells. Anteriorly it is produced 
into three liorns or lobe.s, two lateral and one 
median: the former may be described as the 
antcro-lateral lobe, and the latter as the anterior 

median lobe.The antero-lateral lobes 

de.scribed above are not figured by Vejdovsky 
(1884) in his drawing of the brain of Tubifex 
rivulorum, and he definitely states that the brain 
in this region is devoid of processes or lobes. 
He figures, however, ix)stero-lateral lobes from 
which well-developed muscles pass to the body 
wall, and these lobes can be clearly seen, but 
I have never been able to find the muscles. 
Ikddard described, in his definition of this 
sixjcies, a median, smaller, posterior bbe 
corresponding to the anterior one; but this I 
have never been able to sec.'’ 

In Tubifex hattai five ganglia are also at¬ 
tached directly to the brain (Fig. 11): three on 
the anterior border and two on .the posterior. 
The prostomial ganglion or anterior median 
lobe is situated at the middle of the anterior 


border and the paired, lateral prostomial ganglia or antero-lateral lobes 
on the antcro-lateral corners of the brain; the paired parietal ganglia 
or j)ostero-latcral lobes are attached to the ix)sterior border. All of 
these ganglia are seemingly stouter than tho.se figured by Dixon. 

The prostomial nerve starts from the anterior end of the prastomial 
ganglion and sends out diverging branches into the prostomial wall. 

The lateral prostomial nerve is somewhat strong and runs out from 
the lateral prostomial ganglion on cither side of the brain obliquely 
outwards, and after a short course enters the lateral wall of the pro- 
stomium and becomes the lateral line of the body. 
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The parietal nerve runs out from the parietal ganglion on either 
side of the brain obliquely backwards to the dorsal body wall. Some 
of its branches may enter the pharyngeal wall, but on this point I 
am not certain. This nerve is neither figured nor described by Dixon 
(1915) for Tubifex rivuloriiin, and she denies even the presence of 
muscle fibers, which are figured by Vejdovsky (1884). In Limnodrilus 
gotoi (Nomura, 1913) such mu.scles arc well develojjed, but in Tubifex 
hattai also I have never been able to find them. 

The peripharyngeal nerve runs out from the latero-ventral border 
on cither side of the brain directly behind the lateral prostoinial gang¬ 
lion and proceeds downwards along the curvature of the body wall, 
and uniting with its fellow of the op|X)site side on the ventral median 
wall of Segment I forms the first ventral ganglion. 

The ventral nerve cord is very slender and measures 10-20 // across, 
excluding the ganglionic enlargements. 

The ventral ganglion of each segment anterior to V occupies about 
the whole length of the segment, but in each posterior segment it is 
always confined to the posterior half. The broadest portion of each 
ventral ganglion in the anterior segments measures generally 80 /i across, 
while in the posteriormost segments it is less than 40 //. 

The median neural canal is found only in Segment V. If the 
lateral neural canals are present, they must be of very feeble develop¬ 
ment. The musculature of the nerve cord is of the usual ty^xj for 
Tubificidaj. 

6. Vascular System. 

The longitudinal trunk of the dorsal vascular system consists of 
the dorsal vessel, the supraintestinal vessel and the dorso-supraintestinal 
vessel. The ventral vascular system is somewhat complicated by tlie 
discontinuation of the ventral vessel in Segments VIII and IX and by 
the presence of segmentary subintcstinal vessels. 

1) The dorsal vessel commences directly under the prostomial 
ganglion. Running backwards directly under the brain the vessel 
t>asses through its posterior notch between the parietal ganglia and 
approaches nearer until it again lies very near to the dorsal body wall. 
It then turns toward the posterior end of the pharynx and lies between 
the posterior pharyngeal glands in Segment III. In Segments IV and 
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V it lies near the dorsal median line of the oesophagus. At the be¬ 
ginning of Segment VI, where the chloragogiie coat is abruptly devel¬ 
oped, the vessel swells slightly and turns suddenly dorsal wards to lie 
for a while on the dorsal side of the intestine. In Segments VI and 
VII the vessel runs for the greater part of its course on the left side 
of the intestine, invariably resuming its normal dorsal position at the 
intersegments (Figs. 6 and 6 dv). In Segment VIII it at first runs 
just as in the preceding segment (Fig. 12 dv), but in the posterior 
part x)f the segment, where the intestinal hearts are given off from . 
the suprainte.stinal vessel, it somewhat suddenly resumes its normal 
position (Fig. Ill dv) and rims to the end of the segment on the dorsal 
side of the intestine. In Segment IX starting from its normal jXDsition 
and attached to the chloragogue coat it turns toward the right side 
of tlie intestine (Fig. 14 dv) and unites at last with the supraintestinal 
vessel to form thereafter the dorso-supraintestinal vessel. 

2) The * dorso-supraintestinal * vessel is a new name which is pro- 
[josed by myself, in this sense that the vessel is formed theoretically 


Fig. 12. 



Cross section through the anterior part of Segment VIII. al—alimentary nnal, 
chi—chloi^figggues, dv—dorsal vessel, nc—ventral nerve cord, neph—anterior nephri- 
dium, spiv^supraintestinal vessel, vv—ventral vessel* 
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by the union of the dorsal and supraintcstinal vessels, and this is no- 
thinsj but the greater ^xjstcrior portion of the ‘ dorsal * vessel as hitherto 
commonly named. 

This vessel begins at about the middle of Segment IX and is at- 
taclicd directly to the intestinal endoderm. In most segments behind 
X the vessel runs for the greater part of its course along the right 
side of the intestine (Figs. 3, 4 and 16 dv), always resuming its normal 
dorsal position at each intersegment. The ix)sition of the dorso-siipra- 
intcstinal vessel in the right side in the middle j>art of a segment is 
in my opinion due to a displacement of the intestine within each 
segment. In the posteriormost segments it runs always on the dorsal 
side of the intestine (Fig. 15 dv). The caliber of the vessel is rather 
greater in postclitellar than in preclitellar segments. 

3) The supraintcstinal vessel is not well enough developed to be 
pointed out in the segments anterior to VI, but further backwards it 
is well developed on the dorsal side of the intestine, attached closely 
to the endoderm. It runs in the dorsal median line of the intestine 
to Segment IX (Figs. 12, 13 and 14 spiv), giving off the intestinal 
hearts at the posterior septum of Segment VIII. In Segment IX it 
lies at first in the dorsal median line, irrespectively of the position of 
the dorsal vessel, but gradually shifting to the right side of the intestine 
at last unites with the dorsal vessel (Fig. 14 spiv). In Tubifex rivu- 
lorum Dixon (1915) could not find the opening of this vessel into the 
dorsal vessel and .states that “ the vessel seems rather to diminish 
gradually in size, and finally to di.sappear.’’ 

4) The subintestinal vessel can not be distinguished in segments 
anterior to VI owing to the too feeble development of the intestinal 
vascular network, but behind Segment VI it forms gradually and can 
easily be made out in the ventral median line of the intestine closely 
attached to the endoderm and thickly covered by the chloragogue 
coat, in Segments VII and VIII uniting with the ventral vessel (Figs. 
13 and 14 ssbiv). In Segments IX—^XI a true subintestinal vessel is 
present apart from the ventral vessel, lying for the greater part of a 
segment length on the left side of the intestine, which is dislocated in 
the middle of each segment (Figs. 3, 4 siv and 14 sbiv). The vcs.sel 
opens into the ventral vessel just in front of the ix)sterior septum of 
Segment XI. 
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5) The ventral vessel runs through the whole body length and for 
the greater part of its course it lies along the ventral side of the 
alimentary canal a little to the left side of the ventral nerve cord ; 
but as the vessel is discontinued in Segments VIII and IX by the 
atrophy of the intermediate ventral vessel, it is more convenient to 
distinguish the vessel into an anterior and a posterior part. According 
to the figures and descriptions of Vcjdovsky (1884), Dixon (1916) and 
Meyer (1917), the atrophy of the intermediate ventral vessel is not 
the case in Tubifex rivulorum. 

The anterior ventral vessel commences at the anteriormodt end of 
the dorsal vessel, which is here divided into two lateral vessels. Each 
of these piiired ventral vessels runs backwards along the lateral wall 
of the buccal cavity and the pharynx, and gradually proceeding ventral- 
wards and backwards dorsal to the ventral nerve cord, it unites to 
form the tiiedian ventral vessel just in front of the first septum (IlI/IV). 
In Segments IV and V the ventral vessel proceeds backwards through 
the interspaces of the posterior pharyngeal glands on the ventral side 
of the intestine. In Segment VI it is often attached to the chloragogue 
coat. In Segments VII and VIII, where it unites with the subintestinal 
vessel, it is always attached to the endoderm (Fig. 13 ssbiv), except 
in the neighborhood of the septa (Figs, fi and 12 vv). In the po.sterior 
region of Segment VIII it is continued as the subintestinal vessel (Fig. 
14 av—sbiv). 

The posterior ventral vessel begins where the intestinal hearts of 
the two sides are united (Fig. 14 vv and Figs. 3, 4, 16 and 16 vv). 

6) The intestinal hearts (Figs. 13 and 14 h) lie in Segment VIII 
and originate from the supraintestinal vessel where Septum VIII/IX 
starts from the dor-sal body wall. Soon after its origin the heart sud¬ 
denly increases its caliber and running laterally for a little while on 
the outside of the chloragogue coat, turns posteriorly and proceeds 
backward on the dorso-lateral side of the intestine. On reaching the 
posterior septum, it makes a sudden ventral turn and runs along the 
curv’ature of the intestine, gradually diminishing in caliber. On ap¬ 
proaching the ventral nerve cord it again turns posteriorly and pene¬ 
trating the septal sac proceeds into Segment IX. The two hearts, 
after running side by side in Segment IX, at last unite at the com¬ 
mencement of the posterior ventral vessel. 
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Fir. 13. 



Cross section throuRli the pcislcrior part of Segment VII1. al—alimentary canal, 
clil—chloragogues, <lv—dorsal vessel, h—heart, nc—ventral nerve cord, ssbiv- -sul)- 
intestinal vessel, sj>—Septum VIII/IX, spiv -supraintestinal vessel. 


The wall of the heart is thick comi>ared with that of the ordinary 
vessel, and consi.sts of five layers. The outermost layer is that of the 
cellular i^eritoneum which is followed by a layer of elastic fibers and 
in.side of this comes the circular muscle layer, the longitudinal muscle 
layer and the intima one after the other. The structure of the layer 
of longitudinal muscle fibers of this s|7ecies is quite different from that 
of Japanese Limnodrilus, each fibers standing apart instead of forming 
bundles as in the latter. The layer of elastic fibers and the peritoneum 
are interrupted by cells which may ix>s.sibly be nervous in nature and 
arc arranged in a continuous line on the extero-lateral surface of the 
heart. Each of these cells contains a large nucleolatcd nucleus and 
a dense C 3 ^oplasm. In the di.stal half of the heart the layers of ela.stic 
and longitudinal muscle fibers are wanting. 

7) The coelomic commissures arc generally very fine except those 
in the anteriormost segments, but they never give out branches to 
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Eig 14. 


int civ s))] spiv int dv sp| 



vv h shiv av 


Diagrammatic lepresenlatum of heart and neighboring Mood-vessels, av—anterior 
ventral vessel united with subintest in.!! vessel, dv—dorsal vessel, h—heart, int—in¬ 
testinal wall, hbiv—sttbintcslinal vessel, spi_i—Septa VII/VIII and VIII/IX, spiv— 
supraintestinal vessel, vv—posterior ventral vessel. 


form anastomoses. 

In Segment I the commissures are represented by the paired ventral 
vessels which arc direct continuations of the dorsal vessel. 

In Segments II and III the commissures are given off from the 
dorsal vessel in the corresponding sctal plane and after a few windings 
they open into the paired ventral vessels in the same plane. 

In Segments IV—VII they always start from the dorsal vessel just 
in front of the posterior .septum of each .segment and after several 
windings enter the median ventral vessel in the setal plane. 

The commissures in Segments III—V are entangled in the pharyn¬ 
geal glands. 

In Segment VIII they are absent. 

In Segments IX—XI they branch off from the dorso-supraintestinal 
vessel just in front of the posterior septum of each segment and after 
several windings enter the ventral vessel also just in front of the septum. 
All of them pulsate rhythmically. In young specimens the commissures 
of S^ment IX are less developed and look like commissural hearts, 
but in sexually mature ones they are very well developed and surround 
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the outer surface of the anterior sperm-sac. In Segment X soon after 
starting from the dorso-supraintestinal vessel they enter the posterior 
sperm-sac (Fig. 4 cv) and emerging therefrom they undergo a few 
windings (Fig. cv) before they open into the ventral vessel. In 
Segment XI they enter the ovisac and undergo several windings as 
they course between the sperm-ducts and the alimentary canal. 

In segments posterior to XII they 
start just in front of the septum from 
the dorso-supraintestinal vessel, but 
the openings into the ventral vessel 
gradually shift forwards to about the 
middle between the setal plane and 
the posterior septum. 

In each ix>steriormost segment the 
starting point from the dorso-suprain¬ 
testinal vessel also lies forwards in the 
same plane as the ventral termination 
(Fig. 16 ig. c). 

In Segments 11—V and IX—XI 
the commissures are ccelomic and in 
Segments VI, VII and XII— they are 
integumentary. 

In Segments VI, VII and IX—XI 
the commissures run in an undulatiixg 
dorso-ventral course mostly in the 
posterior half of a segment, but in the 
postclitellar .segments they follow a 
wavy antero-posterior course through 
the whole segment length. 

8) The intestinal networks are not so luxuriously developed as in 
some other species and in most segments, especially behind the clilellum 
they rather form lattice-work, though sometimes a few connectives be¬ 
tween the bars are found. The numljer of bars in a segment is indefinite. 

In Segments II—IV the intestinal networks are very feebly devel- 
oj)ed and directly connect the .supraintestinal and the subintestinal 
vessels. 

In Segments VII and VIII they are more or less well dev^eloped. 


FiK- 



Schemati/etl cross section 
throujjh a segment near the 
p.jsterior end of the l»odjr to 
show the relation Ijetwcen the 
blc M xl - vessels. al—al ii nen tary 
Canal, dv—dorso-supraintes- 
tinal vessel, ig. c—integument¬ 
ary commissure, iv—intestinal 
vessel, nc ventral nerve cord, 
vv— ventral vessel. 
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The bars are started out directly from the supraintestinal vessel which 
lies in the dorsal median line and open into the subintestinal vessel 
in the ventral median line of the intestine where the latter vessel is 
united with the ventral vessel. The networks are equally developed 
on both sides of the intestine. 

In the anterior half of Segment IX they show the same arrange¬ 
ment as in the preceding segment. 


Fig. IC. 



5>chemati2ed' cross seclioti through a middle .segment tn show the relation l)e- 
tween the blood-vessels, al—alimentary canal, chl-^chloragogues, dv«>-dor.so-suprain- 
testinal vessel, ig. c--intcgumentary commissure, it, c-~intestinal network, iv—intes¬ 
tinal vessel, nc—ventral nerve cord, neph—posterior nephridium, sb—seta-bundle, 
ssbiv—segmentary subintestinal vessel, vv—ventral vessel. 

In the posterior half of Segment IX and in Segments X and XI 
the bars of the intestinal lattice-works branch off directly from the 
dorso-supraintestinal vessel which lies on tlie right side of the intestine, 
and open separately into the subintestinal vessel on the left side of 
the intestine. Behind these segments the intestinal lattice-works are 
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well developed only on the dorsal side of the intestine (Fig. 16 it.c), 
that is on the left side in the normal position. 

In Segments posterior to XII the bars invariably start from the 
dorso-supraintestinal vessel, and on reaching the left side of the intestine 
they open into the segmentary subintestinal vessel in each segment. 
The segmentary subintestinal vessel is a longitudinal vessel confined 
to one segment only and lies on the ventral side of the intestine in 
the normal position. If these are continued in one longitudinal vessel 
through many succeeding segments, it is, of course, to be called the 
subintestinal vessel. The segmentary subintestinal vessel communicates 
with the ventral vessel by the intestinal vessel which lies in the setal 
plane (Fig. 16 iv). 

In each segment more {xjsterior to these the segmentary subintes¬ 
tinal vessel disappears leaving the intestinal vessel alone (Fig. 15 iv) 

In the posteriormost segments both the intestinal vessel and the 
intestinal lattice-work are wanting. 

9) The blood corpuscles are often found in the anterior |x)rtion of 
the main longitudinal vessels. They are spherical and contain each 
a homogeneous cjtoplasm and a compact nucleus. 

7. Genital System. 

1) Testes. There are one pair attached to the posterior face of 
Septum IX/X. Each testis originates at a point which lies between 
the ventral nerve cord and the longitudinal ventral setal line and bulges 
out into the ctelom of Segment X on the outer side of the septal sac. 

2) Sperm-.sacs. Two sperm-sacs are found: an anterior and a 
posterior. Both are outgrowths of the septa of Segment X and lie 
always in the dorsal region of the body. The anterior sperm-.sac 
originates from the anterior septum and lies in Segment IX, while the 
posterior one is formed by the posterior septum and extends back¬ 
wards into Segment XIII; the wall is very thin and structureless. 

In young specimens the anterior sperm-sac is not formed even when 
the posterior sperm-sac is con.spicuous in Segment XI. The young 
anterior sperm-sac shows absolutely the same structure with the inter- 
segmentil organ and in some specimens it is directed backwards into 
S^nient X instead of bulging out into Segment IX. The.se facts ap|x:ar 
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to me to show that the sperm-sac are homologous with the interseg- 
mental organs and also that the directions in which they grow out 
are influenced solely by the mechanical pressure of the ccelomic fluid. 

‘‘As it (sperm-sac) increases in size,** writes Dixon (1915) for 
Tubifex rivulorum, “ its structure becomes more complicated. The 
cavity becomes divided up into a scries of much smaller spaces by 
the growth inwards of its wall. These small spaces remain in com¬ 
munication wM’th one another, and are filled with s|)ermatozoa in all 
stages of development.** Something similar may occur also in Tubifex 
hattai, but at any rate it is not so remarkable as is described by Dixon. 

8) Sperm-ducts. Each sperm-duct consists of a wide funnel, a 
very long vas deferens, a short strium, an irregularly shaped prostate 
gland, a penis and a penial chamber. 

a. Funnel. The funnel opening in Segment X is attached to the 
anterior face of Septum X/XI near its bottom, and as the septal w^all 
here runs backwards for a while parallel with and on cither side of 
the intestine, so the funnel is situated in nearly the same plane directed 
just inwards. It is rather discoidal and widely oj^en. The wall of the 
funnel consists of two layers. The inner layer consists of regularly 
arranged, ciliated columnar cells of two diflerent heights, the central 
cells being much taller than the peripheral. The central cells are 
very vesicular and contain a feebly staining cytoplasn) forming strands 
vertical to the wall, and a nucleus near the proximal base. The 
peripheral cells contain a dense cytoplasm also forming strands, and a 
nucleus near the middle. The cilia are all of nearly equal lengths. 
The outer layer is formed by the connective tissue derived from the 
peritoneum. 

b. Vas deferens. The funnel is continued as a very long vas 
deferens w^hich is circular in cross section and when seen in toto 
striated transversely all through. The vas deferens is attached to the 
septum only at its beginning; the remainder lies free in the coelom, 
and consequently assumes different positions between other organs and 
very often enters the ovisac. In its narrow proximal portion it is 
ciliated and the distal portion is wide and non-ciliated. The lengths 
of the two portions are nearly equal. In living material the ciliary 
motion is always visible in the proximal portion but in the non-ciliated 
portion there is no motion. In both portions the wall consists of two 
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layers; an inner layer diflering in structure in its diflierent portions, 
and an outer layer formed by a thin peritoneal connective tissue con¬ 
taining regularly arranged, fine longitudinal muscle libers. 

The ciliated portion commences directly behind the funnel where 
the central cells somewhat suddenly give place to more flattened ones 
and the cilia are directed backwards. The flattened inner epithelial 
cells show no peculiarities at the beginning, but soon assume the form 
of a ring, the central lumen of which forms the cavity of the duct. 
In a longitudinal section of the tube the inner surface of a ring cell 
is flat, and the outer convex, so that if the section passes through the 
wall tangentially these cells closely resemble striated muscle fibers. 
The transverse striation of the ciliated |x>rtion is therefore external to 
the tube. The cytoplasm is compact and uniform. The nucleus is 
compact, elongate and curved around the lumen, but it is not so long 
as is described and figured by Dixon (1916) for Tubifex rivulorum. 

Each cell (flat, annular or ring-like cell),*' writes Dixon, ** is per¬ 
forated in the center by a large, rounded lumen, about 42 /x in diameter, 
the wall around it being comparatively thin," In Tubifex hattai, the 
outer diameter of the tube is 25 fi all through, except at the beginning 
which is wider and has a wall 6 /Jt thick. 

The ciliated portion at first runs straight backwards and on reach¬ 
ing about the middle of Segment XI it undergoes several windings 
and then opens into the wider, non-ciliated portion. The transition of 
the two portions is somewhat sudden. The cilia and the outer con¬ 
vexity of a ring cell disappear first, and the compact, uniform cytoplasm 
becomes rich in strands running perpendicularly to the wall, leaving 
a compact cytoplasmic layer at the inner surface of the lumen, and 
then the wall thickens, the nucleus becomes spherical and at last the 
lumen becomes surrounded by two or three crescent shaped cells instead 
of one ring cell. ‘‘ They (epithelial cells)," writes Dixon (1916) for 
Tubifex rivulorum, **are ring-shaped, piled one on top of the other 
extremely regularly, and each one is perforated in the center by a 
rounded lumen. Each cell has its greatest thickness around the lumen 
of the tube, and tapers off considerably at its outer edge. The nuclei 
of these cells resemble very closely those of the first part (ciliated 
portion) of the tube, and are situated near the inner edges of the cells. 
The greater thickness of the wall of this part of the tube is due to a 
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considerable increase in the c^uantity of the matrix in which the cells 
are imbedded, and by which they are surrounded. This matrix still 
stains only with plasma-stains, but it is no longer structureless, for it 
is characterized by the formation in it of a large number of exceedingly 
fine fibrillae.'* According to this description the minute structure of 
the non-ciliated portion of Tubifex hattai totally differs from that of 
Tubifex rivulorum. The lining cytoplasmic layer of the lumen always 
makes regular wavy foldings which give rise to transverse striation of 
the tube. The outer diameter of the portion differs according to 
specimens; in some cases it is about twice times as thick as the 
ciliated portion, its caliber remaining constant, and in other cases it 
is three or four times as thick with increased caliber. 

c. Atrium. This is a conical or rather bat-shaped organ into 
which the non-ciliated portion of the vas deferens opens excentrically 
at its wider proximal end, and after gradually narrowing and under¬ 
going a few slight windings leads to the penis at the distal end. The 
widest part of the organ at the proximal end is more than two or 
three times as wide as the non-ciliated portion and into it open the 
lobe canals of the prostate gland through an aperture which lies mostly 
on the ventral surface of the organ. The atrium is also circular in 
cross section. The organ in a well narcotized specimen is longer than 
half of the segment length. The atrial wall consists of three layers. 
The outer layer is very thin and is the continuation of the connective 
tissue of the vas deferens, but it becomes very thick and cellular near 
the distal end. The middle layer is well developed and consists of 
circular muscle fibers ; the longitudinal muscle fibers appear to be absent. 
The innermost layer consists of glandular cells, the crescent shaped 
cells of the non-ciliated portion suddenly giving place to cubical, glandu¬ 
lar one3 at the beginning of the atrium. On the ventral side of the 
atrium where it receives the vas deferens as well as the prostate gland, 
the wall is much thickened by the convergent ducts of the prostate 
gland':^nding their way into the interspace between the epithelium 
and the muscle layer, and causing the lumen to become crescent-shaped 
in cross section at this portion. Some gland cells are very vesicular 
and some contain numerous fine, spherical granules of the same size 
which stain very well with eosin, but not with carmine or congo-red. 
The nuclei are nucleolated and situated at the proximal side. The 



ON THE AQUATIC OLIGOCH/lTrE, TUUIEEX HATTAI, N. Sl\ 


223 


structure of the proximal half of the atrium well resembles that of 
Limnodrilus gotoi and can not be distinguished from it in sections 
stained with carmine, unless other organs are taken into consideration. 

d. Prostate gland. It is of irregular shape in full grown specimens 
and surrounds the atrium more or less on its ventro-lateral side. The 
general aspect of the organ is of the usual type seen in higher Tubi- 
ficidie. Most of the cells arc of irregular or j^ear sha^xj and the cyto¬ 
plasm is sometimes vesicular and sometimes finely granular. The lobe 
canals, sometimes uniting with others, open into the atrium as stated 
above, and ia their lumen are found many 
fine granules whick are possibly secretions 
from the prostate gland cells. These gra¬ 
nules as well as the granules found in the 
prostate gland cells stain e.xactly the same 
as those found in the atrial cells with eostn^ 
congo-red or carmine. 

e. Penis. It is the direct prolongation 
of the atrial epithelium enclosed in a cellul¬ 
ar sheath which is the continuation of the 
lining wall of the loenial chamber formed 
by the invagination of the body wall. TJic 
penis as commonly described has a double 
wall, the inner layer being the direct con¬ 
tinuation of the atrial wall and the outer 
of the lining of the |)enial chamber; but in 
the present species the penis is formed only 
by the continuation of the atrial epithelium. 

The penis proper is conical in shape and 
about 60 /I long. Its wall consists of irreg¬ 



ularly shaped cells containing a vesicular 
cytoplasm and the lumen is consecjuently 
somewhat irregular in form. 

Whether the penis is protruded (Fig. 17 


Atrium, penis arut {>cnis 
Mhealh from a living narcotiz¬ 
ed sjKicimens; penis prot¬ 
ruded by compression, at — 


p. sh) or retracted (Hg. 18 ew and iw) its ntrium, bw—l>ody wall, cw— 
cellular sheath always protects it. The cvertd wall of^niai cham- 

, ... . , ber, nep—non-cilmtetl |K>rtion 

sheath IS strongly constricted at its proximal 

p—|>enis, 

end and consists of two distinct walls, whose p.sh—penis sheath. 
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epithelial cells are distinguished by a more compact cytc^lasm when 
compared with those of the penial wall. The inner wall begins at 
the proximal base of the penis proper and, extending downwards past 


Fig. 18. 



lAtqgitudinai i«ction of penis and penial chamber (from a cross section of the 
body.'. at--~atrium, c. hp-«clitellar hypodermis* dc-->dorsal cavity of penial chamber, 

ew.--«outer y^all of penis sheath, ff.*-follicular fundus of setigerous organ, hp_^hypo* 

dermis of extraclitellar structure, iw—inner wall of penis sheath, mat—atrial musde, 
inp^male pore of the left side of the body, mpe—muscular layer of the wall of 
penial chamber, pcw^wall of penial chamber, pt—•peritoneum, pvm^parietovaginal 
musde, pw«-penlal wall, st->-ventral sette, vc-^ventral cavKy of penial chamber. 
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Its apex, IS continued into the outer wall which extends upwards to tlie 
proximal end of the .penis, showing a marked thickning at the middle 
of its length. The lip of the sheath is longer on the inner side and 
presents here a hollow swelling to make the end obtuse and smooth. 
The inner wall of the sheath is very thin and consists of two layers, the 
outer hypodermis and the inner peritoneum. The outer wall consists 
of four layers, an outermost of very thin but visible cuticle, followed 
by the hypodermis, the regularly arranged fine, circular muscle fibers 
and the peritoneum. 

As to the penis of Tubifex rivulorum (Tubifex tubifex) different 
descriptions are given by following investigators. 

Ditlevsen (1904)i Sie entspricht in allcm wcsentlichen der liesch- 
reibung von Nasse; nur finden sich hier nicht drei Hauttrichter, sondern 

nur zwei, ein ausserer und ein innerer.sie (Cuticula) ist an der Spitze 

dcs Penis niit kleinen Dornen versehen, ist leicht braun gefarbt. ** 

Pointner (1911). ‘‘Die einzelnen Teile des Penis sind folgende: 1) 
Der aussere Copulationstrichter (=? greater, ventral wall of the i^enial 

chamber in my description).2) Das PrapuUum («=? smaller, dorsal 

wall of the penial chamber).3) Die Gians i^enis (=thc thickened 

Ix>rtion of the outer wall of the penis sheath). 4) Die auf die Gians 
penis folgende diinne Penismembran (=whole inner wall and distal 
thinner portion of the outer wall of the penis sheath) und 5) Die 
Penisspitze (= penis) mit der ausseren, seitlich gclegenen Offnung. 
Von diesen Abschnitten hat Vcjdovsky (1884) die vier zuerst genannten 
beobachtet, den fiinften hingegen scheint er wenigstens picht als beson- 

deren, ausstulpbaren Teil erkannt zu haben..an dem ausseren Rande 

(der Penismembran) zehn zarten, schwach braun gefarbten Zahnehen 
versehen ist. (Diese Zahnehen sind, was Zahl und Grosse anbelangt, 
sehr verschieden und konnen, wie cs scheint, auch ganz fchlen.)*' 

Dixon (1915). “ The structure of the penis is somewhat compli¬ 

cated. Its cavity is continuous with that of the (spermiducal=atrial) 
gland, and it is surrounded by a penis sheath, which, when the penis 
is retracted, is double, the outer layer being continuous with the 
epidermis of the body wall. We may, therefore, speak of the outer 
and inner penial sheaths, both consisting of a single layer of epithelial 
cells, somewhat cubical in shape and provided with conspicuous, 
rounded, nucleolated nuclei. The cuticular secretion, which forms a 
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delicate layer outside the cells of the epidermis, is continued over the 
tells of the penial sheath, and in the retracted condition of the penis 
may completely fill the space between the outer and inner penial 

sheaths. .The cavity of the penis proper is surrounded by a single 

layer of elongated cells which encroach considerably on the lumen. 
Near the apex of the penis they* are so large that they almost 
obliterate the lumen altogether." 

Since I have made no direct observations on the structure of the 
penis and penis sheath of Tubifex hattai at several .stages of develop¬ 
ment, I can not decisively comment on the difference of the descrip¬ 
tions cited abc^vc whether it deixmds upon the difference of the develop¬ 
mental stages or of sjxjcies. At any rate in Tubifex hattai the 
structure of the jxjnis and j^nis sheath mentioned above is a constant 
one at least in adult specimens which are usually collected and the 
parts are exactly identical with those observed by Pointner. In the 
comparison of his Text-figures 1 and 2 with my Figures 17 and 18, 
however, a distinct difference can be found between them ; that is, in 
Tubifex rivulorum the penis can protrude or always protrudes outside 
the distal end of the penis sheath, while in Tubifex hattai the former 
is constantly covered and protected by the latter. The cuticular 
processes described by Ditlevsen and Pointner I have never been able 
to see. 

f. Penial chamber. It is naturally divided into a dorsal and a 
ventral cavity. The dorsal one lies between the outer wall of the 
penis sheath and the dor.sal portion of the i^nial chamber and is 
almost cylindrical as a whole. Its wall consists of five layers, the 
same as those of the body wall. The ventral cavity extends horizon¬ 
tally below the penis sheath and is almost circular in outline ; the 
muscle layer of its wall is very poorly developed. The male pore 
opens just outside the ventral setaj. • 

4) Spermatheca;. One pair of spermatheCcc are present in the 
dorsal side of Segment X. Each one consists of two portions: a 
pear-shaped, saccular portion and a cylindrical, duct portion which 
receives the narrow end of the former and leads to the external 
opening. The opening (Fig., 3 spth.p) lie.s directly dorsal to the 
lateral line on either side of the body in the setal plane of segment 
X. It is stated by Dixon (1916) that in Tubifex rivulorum the duct 
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portion oix:ns into the exterior near the ventral seta! of Segment X. 

When the worm is young and the organs are still smnll, they arc 
always arranged symmetrically, undergoing a sigmoid contortion with 
the blind end directed anteriorly, and the duct ix^rtion is longer than 
half of the saccular. In full grown specimens, however, the saccular 
portion is unusually distended and three times as long as the duct 
Ix)rtion and more than half as wide as the segment and longer than 
it, so that enough space can not be found for the pair in a segment. 
The result is that sometimes one extends into the anterior sperm-sac 
and the other into the posterior s|)erm-sac or one may be twisted 
around the narrow part of the other. 

The thickness of the wall of the saccular portion differs notably 
according to age. When fully distended it is only 10//, but in young 
specimens it is about 7)0//. The wall consists apparently of two layers. 
The inner epithelium mostly presents a smooth internal surface and 
consists of flat or cubical cells mostly without any visible boundaries, 
and with mostly .spherical nuclei, situated at the middle and containing 
two nucleoli. The cytoplasm of the epithelium appears homogeneous 
when stained with eosin, but finely granulated, especially in the distal 
half, when stained with congo-red. The outer layer is the thin 
I)eritoneal connective tissue containing two feebly develojxjd layers of 
muscle fibers: the outer one of longitudinal and the inner of circular, 
both filx^rs running rectangular with each other. 

The duct portion measures fiO tc or more across and 15-20// in 
caliber and is circular in cross section all through, fhe epithelium 
consists of cubical or columnar cells and is about 10// thick. The 
inner surface is ciliated and each cell contains a cytoplasm usually 
forming .strands, and a compact nucleus at the middle. The outermost 
peritoneum, the longitudinal and the circular muscle fibers arc all well 
developed. Near the end of the duct portion the wall becomes 
irregularly folded, the cilia and the cytoplasmic strands disappear and 
a cuticle comes to view. The presence of the ciliated epithelium of 
the duct portion is also described by Dixon (1915) for Tubifex rivulorum. 

Spermatophores are always present in the saccular ix)rtion. 

6) Ovarle:^. One pair of ovaries are attached to the |X)stcrior 
face of Septum X/XI on either .side of the nerve cord ventral to it. 

G) Ovisac. This is a posteriorly directed outgrowth of Septum 



228 


E. NOMURA 


XI/XII and lies on the dorsal side of the intestine reaching to Seg¬ 
ment XIIl as far as I have observed. 

7) Oviducts. One pair of oviducts lie in the intersegment XI/XII, 
in the ventral setal lines. The duct is very short and the funnel 
opens widely into the coelom of Segment XI. 
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ON THE SEX RATIO IN CARASSIUS AURATUS. 


By 

KIICHIRO SASAKI. 

Concerning the normal sex ratio in the vertebrates, we find the 
following relation. (Table I.) 


Table I. 


Order 

Species 

No. of f : 
100 4- 

No. of 
specimen 

Authority 

Mammalia 

XSwine 

111.8 




XOxen 

107.3 




Albino rat 

106.46 

607 

King, U. D. & Cu^not, 





I., ('ll) 


Albino rat 

106.7 

11176 

King. H. D. ('24) 


Albino ratXwild Nor. rat 

119.09 

425 

King, H, 1). ('ll) 


Norway rat 

85.8 

1862 

King, H.D. ('24. 


XRabbit 

104.6 




XSheep 

87.7 




V Horse 

98.7 



Avc» 

XPigeon 

116.0 




Xllcn fowl 

94.7 



Pisces 

XCotlus 

188.0 




Xlx)phitts 

S85.0 




Trout 

92.4 

488 

j Huxley, J. S. & Mrsic. 


i. 



('28) 


Gambusia 

11.1-12.5 


Hildebrand, S.F. ('17) 


Gambusia (young) 

95.8 

94 

Gciscr, S W. ('24) 


I^bUtes reticulalus 

100 

2070 

Hcnn, A.W, ('16) 


Apldchdlus latipes 

98.44 

4888 

Aida, T. ('24?) 


Cymalogastcr 

app. equal 


£igenmann,C. H.('96) 


Spinax 

app. ec^ual 


Punnett. ('04) 


Ampbigonoptems 

app. equal 


Hubbs, C. L, ('21) 


Gray snapper 

87.49 

45 

Hatai, S. ('18) 


Smooth dog-fish 

78.98 

315 

KcUicott, \V. E. ('08) 


^Amblygaster melanoettctum 

85.19 

50 

Sasaki, K. 
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*Ditreuia temmincki 

66.67 

1 .SO 

.Sasaki, K. 

*Sulan(;ichthyii .ishikawix; 

.70,71 

"102131 

293 

Sasaki, K. 

*liyjx)mesus japonicus 

38 

1 

Sasaki, K. 

*Oiicorhynchu8 keta 

96.95 

16477 

Sasaki, K. 

* Gold-fish (wakin; 

100.00 

30 

Sasaki, K. 

*Gold-lish (riukiti) 

87,18 

7.S 

Sasaki, K. 

*S<x)mbcr japonicus 

85.9 

252 

Sasaki, K. 


• 4 > 


XGoldschmidt, K.: Mechanism and physiology ef sex determination. 

*Data not yet published. 

As will be seen from Table I, th6 normal sex ratio is approximate¬ 
ly 100^ r 100.:^, but * the sex ratio -hi Carassius, which I am going 
to report now. is remarkable, the female being greatly in excess. 
This interesting fact was noted in 1923, when I was studying certain 
other problems about Carassiu.s. For that investigation I collected 
Carassius of all sizes, from ponds and brooks near Masuda and 
Iwanuina Town, not far from the laboratory in Sendai. The total 
number of Carassius examined was 285. The smallest was 2 cm. in 
length and the largest 15 cm., but more than half of these were from 
6 to 9 cm. long. The result of exaniinjition showed the ratio of 14.9 
males to 100 females (See Table III). 

This numerical relation between the sexes is certainly unique, but 
for definite statement concerning the sex ratio in Carassius still larger 
numbers must be examined, because I found afterwards that the sex 
ratio is variable not only according to the body length, but also 
according to the place where the fish live and the season when they 
are captured. 

Life History of Carassius. 

For the benefit of the reader who is not familiar^iwkh this inter¬ 
esting fish, the following brief note concerning theiriihabib^t, etc, may 
not be at all superfluous. m - 

Carassius is a very common fish in Japan and China*'hnd is found 
everywhere in rivers, brooks, pools, and lakes of freshw&tcr, though 
it may enter brackish' water too. Carassius prefers watdr which is 
somewhat warm and nch in organic .substances to cold, clear water. 
The fish which live in large pond.s or lak^s are of larger size an 
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occassionally reach as much as 30 cm. in length, but those .whigh 
live in the smaller brooks and pools arc usually smaller in .si;:c, 
measuring from A to 6 cm. in length, and even the largest does not 
exceed 11 or 12 cm. The fish which live in clear water are usually 
silvcrly white along the abdomen, and are popularly called ** Silver 
funa", while those living in slightly muddy pools pr lakes are golden, 
in colour and are called Gold funa.** Carassius does not exhibit 
external sex differences such as difference in shaixi or colour. Caras¬ 
sius is omnivorous, spawns several times from May to July. The egg 
is highly adhesive. Carassius is. commonly used for food and is 
considered by some people more delicious than ** Koi ** or carp. More¬ 
over, Carassius is a common game fish and large numbers arc caught 
annually. Thus as a material for investigation it is most convenient 
for the following rca.sons: 

1. It may be captured all the year round. 

2. It is abundant in number. 

3. It is widely distributed. 

4. It is very strong and is easily kept in the aquarium. 

Method ok Collection and Identikicaj ion ok Sexes. 

Fearing that the normal sex ratio cannot be told unless the mate¬ 
rial represents random sampling, I adopted the method of “ Kaibori/* 
or bailing out water, considering that fish caught by hook and line 
belong to a bigger and more selected group and that nets liave two 
disadvantages,—a large-mesh net allowing the loss of the smaller fish, 
which pass through it, and a small-mesh net giving the larger fish a 
chance to escape by means of their greater speed. By the rnethod 
of “ Kaibori however, we can get all the fish, big and small, which 
Kve in a .selected area, for the stream is dammed in two places and 
the water between entirely bailed out. I regret that this method can 
not be applied to larger .streams, owing to the difficulty of bailing 
water. 

To distinguish the sexes by superficial observation is difficult, so I 
was obliged to dissect all fishes and determine sex directly from the 
riature of the gonad, The gonad of the male fish is .small ami is 
milky white, while that of the female is near^y transparent while 
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immature. Somewhat matured ovaries are light yellow, and wholly 
matured ones are orange-yellow in colour and granuler in appearance. 
Thus the sexes can be distinguished very easily after dissection. 

The body length was measured by taking the distance between 
the snout and the tip of the upper lobe of the caudal fin by a divider 
which reads directly in cm. 

The Sex Ratio in Carassius Living in a Small Stream. 

On September 28, 1924, I investigated the sex ratio of Gtrassius 
living in a brook. The particular brook selected is a branch of the 
Okada canal, which is used for irrigation at Minaminome, Haranomachi 
town, a suburb of Sendai. The brook is about one and a half meters 
wide, and one-third meter deep, and is crossed by a small bridge 
nearly half a meter in width. I stopped with mud, front and rear, a 
section of the stream under the bridge, two meters in length letting 
the water of the main stream run into the branches, and then I 
bailed out water with a bucket. This particular spot appeared to be 
a faborable place for Carassius, being somewhat shaded by the bridge 
and a little deeper, while the occasional throwing of garbage here 
attracts the fish. I collected all fish found here, small and large, the 
total number of them being 423, of which 281 were from 4 to 6 cm. 
in length. The result of examination gave the sex ratio of 11.6 males 
to 100 females (11,6^ : lOO-f). (See Table III, No. 4.) 

The Sex Ratio in Carassius Living in a Small Pool. 

I tried the ** Kaibori ’* method at a small water pool behind Yotsu- 
mata dam, where there was very small volume of running water. I 
purposely selected this pool because of the following reasons: 

1. The Carassius which lived in this pool were mostly *<gold 
funa’’ and I had an impression that among "gold funa” the ratio of 
male fish is comparatively higher. 

2. Most of the Carassius living in this pool are very small. Since 
the sex ratio seems to vary with size the sex ratio of the smaller 
fishes may be quite different from that of grown fishes. 

The area of this pool is about 40 sq. meters and Miscanthus was 
so luxuriously growing that the land and water were difficult to make 
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out. Its bottom is muddy, with abundant growth of weed, and covered 
with fallen leaves. The water in the center of the pool was half a 
meter deep and its outlet was half a meter wide, continuous with a 
branch of the Okada canal. This pool appeared to be an ideal place 
for investigation, because the outlet of water was very small and 
therefore it is possible that Carassius may spawn in this pool, and 
the hatched embryo remain here for some period before attempting to 
run into the larger and swifter stream. Altogether 672 Carassius 
were captured and the majority of them measured from 4 to 6 cm. 
in length. The result of investigation gave the sex ratio of 18.4^ : 
1004 .. (See Table III, No. 8.) 

The Sex Ratio in Carassius Livinij in a Canal. 

Thirdly, I wished to investigate the sex ratio of Carassius living 
in a canal. For this purpose I tried the “ Kaibori ” method in the 
Okada canal which runs from the Ilirose river, in the same village. 
In this canal the water voluminous, clear and rapidly running. The 
width of the canal is 3 to 6 meters and it is one meter or more deep. 
Finding a comparatively larger number of fishes in a bend of the 
stream, I bailed out water in this region of 80 square meters, surroun¬ 
ding which a high bank was erected. The Carassius in this canal arc 
rather big, being mostly from 6 to 8 cm. in length. There were 
.several Carassius which measured as long as 20 cm. The total num¬ 
ber of Carassius captured were 137, and the sex ratio was 3.8^ : 
100-?.. (See Table III, No. 9.) 

Normal Sex Ratio. 

From the data already given above, as well as from other data 1 
have been gathering in connection with some other observations which 
were made by the students in our laboratory, the following results 
were obtained. As will be seen from Table II, the total number of 
Carassius examined is 1733, and 1636 of them were female and 198 
of them were male, this giving the sex ratio of 12.9^ : 100-?-. I 
believe that this may be taken as the nonnal sex ratio in Carassius 
auratus. 
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Table II. 


No. 

Date 

Place 

1 ■ _ i 

No. of 
specimen 

No. of f 
:100 Jf. 

i 

Oct. -Dee. 1023 

A t)rook near Ma.Huda Town j 

, 285 

14.0 

s 

t)ec. 12, 

Otua» Ftali-fiM nter SeacUrf 

1 If I 

t.T 

s 

Sept. IK 1024 

A brook near Iwanuma 'Fown 

1 

0 


"» 28. .. 

A branch of Okada C^nal, Ifara- 
nomati 

423 

11.6 


Nov. 14, „ 

1 Sendai Fish-market 

; 10 

0 

6 

»» 10, ,, 

! 

A brook near Iwanuma Town 

31 

0 

7 

», >, (» 

Akanuma, near Sendai 

! 15 

0 

8 

.. 2». .. 

A pool. Mlnaminome, Haranomati 

672 

18.4 

0 

1 

Okada Ctanal. Minaminomc, Hara¬ 
nomati 

, 137 

3.8 

10 

A|>r. -Fell. 1924-)»26 

Hanuki Gtnal, near Iwanuma Town 

I 206 

12.0 

1 

1 

j I'olal number 

j 1783 

1 12.9 


Table III. 


Body 

Sex 

No. 

No. 

No. 1 

No. 

No. 

No. i 

No. 

No. 

No. 

No. 

Total 

Tjsr 

length 

1 

2 

3 1 

4 

5 

6 

7 

8 

9 

10 

No. 

of ^ 

in cm. 1 










i 


rlOO-?. 


•f 

8 



£4 


1 

1 28 



90 

I 

3-4 

1 

t 

4 


1 

1 23 


! I 

1 , i 

16 1 



42 

1 46.6 


4- 

19 


i ■ 

1 

156 


I i 


113 

27 


316 


4-6 

t 

8 

i 

! 

16 




41 

2 


67 

21.3 



20 


1 

1 irs 




152 

32 

7 j 

316 


5-6 

t 

6 

j 

1 

4 

L- 




17 

1 

0 

28 

8.9 


4- 

38 

"j 

2 

46 

1 



8.8 i 

23 

31 

223 


6-7 j 

1 

t 

3 


0 

0 i 


1 

1 

1 

5 

0 

7 

15 

6.7 


4- 

56 

1 

5 

12 




38 

18 

71 

201 


7-S 

t 

1 

7 

0 

0 

0 




4 

2 

8 

21 

10.4 


4- 

47 

2 

9 

8 




20 

6 1 

45 

132 


8-9 

i 

6 

0 

0 




1 

5 

0 

5 

17 I 

12.9 
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The Sex Ratio at Birth. 

Now let us consider the sex ratio at birth. Peirl (1916) found 
that in the lake whitefish, Coregonus albus, the sex ratio of adults is 
the same as that at birth. If the same relation holds in the Carassius 
we may antici^iate that the sex ratio of male to female is equal. 
Table III shows, however, that the sex ratio in Carassius is 46.6^ ; 
100 ^ in the young fish of from 3 to 4 cm. in length, while the num¬ 
ber of males decreases with the increase of the body length until it 
reduces to 0^ : 100' From this it is conceivable that the sex 
ratio of the male at birth may be much higher than the value given 
above, but I have no direct evidence yet to prove this assumption. 
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It is curious to find that the sex ratio of the gold fish, which is a 
variety of Carassius, is 87.2^ : 100-^ in ‘•riukin/* and 100^ : 100-?- 
in wakin/’ Whether this difference between Carassius and gold-fish 
in the sex ratio is due to the effect of domestication of the latter can 
not be definitely stated, though it seems highly probable, and is a 
very interesting phenomenon for further investigation. 


Kxcess of the Femaus with the Growth of the Body* 

The noticeable thing in Table III is the decrease in the number 
of males with the increase of the body length, viz. the number of 
males to each 100 females are: 


46.6 . 


in length 

21.3. 

. 4 to 6 


8 .1) . 

. 6 to 6 


6.7 . 

. 6 to 7 


10.4. 

. 7 to 8 


12.9 . 

. 8 to 9 

>» 

6.2 . 

. 9 to 10 

ff 

3.0. 

. 10 to 11 

ft 

0 . 

. 11 to 12 

ft 

0. 

.. 12 to — 

f> 


I was, however, unable to find a male fish which was longer than 
11 cm. The anglers tell me also that the bigger fish which are 
caught with hook and line are mostly fenlales and not males. One 
might suspect that this abnormal sex ratio is due to the protandric 
form of reproduction such as Roule, L. reported about Scardinius 
erythrophthelmus, which belongs to the same family, as Carassius, 
Cyprinidae. I may say in this connection that I never found one 
hermaphrodite case, in which one kind of the sex gland was changing 
to the other kind—^that is ovary to testes, or vice versa—out of the 1733 
Carassius examined. 

Recently Geiser, S. W. (1324) reviewed the literature on the sex 
ratio of the Top-minnow, Gambusia holbrooki Gixi., together with his 
own observation. He states that in this species the number of females 
almost invariably suipasses that af the males. Geiser quoted in his 
paper the observation of Hildebrand (1917) on Gambusia^ which reads 
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that “it seems entirely probable that the normal ratio of males to 
females is about 1 to 8 or 9.“ VVe see, then, that there is not a 
lai^ difference in the sex ratio of Carassius and Gambusia. 

The gold-fish is a variety of Carassius produced by domestication 

for a long ixsriod, yet the sex-ratio in gold-fish is approximately 

100^ : 100^ contrasted with 12.9^ : in Carassius. This is 

interesting, but difficult to understand. In this connection I may 
mention that King (‘11 & *24) found a slight difference in sex ratio 
of the wild rat when compared with that of the albino rat, the former 
giving slightly lower value for tl>e males in spite of the fact that the 
albino rat is the domesticated variety of Mus norvegicus. On the 
•other hand, in Carassius and gold-fish, in which the latter is the 
domesticated variety of the former as in the case of the rat, the sex 
ratio of these two varieties is very different, as was noted above 

making an interpretation very difficult. 

From my own observation, the male of the Carassius or of the 
goldfish does not eject sperm either when was kept alone, or when 
large numbers are kept in a small aquarium. The gold fish is 

generally kept crowded in a .small aquarium, or alone in a sniall dish 
from a very young stage. Thus the gold fish lacks chance to eject 
spenn and consequently are as healthy as the females. Carassius on 
the contrary, lives in the wild state and thus has a good chance to 
meet females, or in other w’ords, has always a chance to eject .sperm. 
It is conceivable that the Carassius under such circumstance may die 
from exhau.stion as a consequence of exces.sive excitement. If this 
assumption is correct we will find a greater death rate in the males 
than in the females. Furthermore the males most probably mature at 
the age of 2 years, but the females at the age 3 or 4 (after Prof. 
T. Higurashi), therefore we will find a greater excess of females over 
males after the period of reproduction. 

However, these explanation applies only after the Carassius reaches 
sexual maturity, but since the greater preponderance of females over 
males is already evident before this period, we must still consider 
other factors for the explanation. As one probable factor, the differen¬ 
tial death rate among sexes may be conceivable, and I am carrying 
out some experiments for testing this hypothesis. 
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ON A FORMULA FOR DETERMINING THE WEIGHT 
OF THE BRAIN OF CARASSIUS AURATUS FROM 
THE WEIGHT AND LENGTH OF THE ENTIRE 
BODY, TAKING INTO CONSIDERATION THE 
REGULAR SEASONAL CHANGES IN 
THE RELATIVE WEIGHT AND 
THE DIFFERENCE IN SEX. 


By 

KIICHIRO SASAKI. 

Donaldson (*02) found a convenient mathematical expression which 
gives the relation of the weight of the central nervous system to the 
body weight and body length very satisfactorily. The material chosen 
by Donaldson for the investigation was the frc^, Rana pipiens, and 
the resulting formula is as follows: 

Weight C.N.S.=1(^ Wxt/LxC 

Here C.N.S. represents the central nervous system, W the body 
weight, L the body ler^h, and C the constant. By applying this formula, 
Donaldson was able to demonstrate the seasonal changes in the weight 
of the brain of Rana pipiens. 

Adopting Donaldson’s formula, Komine (’24) recently investigated 
the central nervou.s system of the Japanese frog, Rana nigromaculata, 
and published his observation that the relative weight of the central 
nervous system changes regularly with the season and according tp 
the sex. 

I attempted to investigate the same problem under the direction 
of Prof. Hatai, and chose Carassius as material for the reason given 
in the subsequent pages. ^ 

I wish to express my hearty thanks to Prof. Hatai, under whose 
suggestion the present work was undertaken and whose guidance and 
advice helped me throughout the entire course of the work. 
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My observation. 

On October 13, 1923 I began this investigation and continued until 
December of the same year. The total number of fish observed was 
224, among them 194 female fish and 30 male fish. 

The next spring, April 1924, I took up this work again and 
continued during the next twelve months. The material was always 
examined in the latter part of every month. In order to obtain uniform 
results, I observed J2 or more female fish and finished in March 1925. 
The total number of fish for this period was 187 female and 27 male 
fish. 


Ma'I’ERiae used. 

For studying this interesting problem 1 chose the Funa, or Carassius 
auratiis belonging to the Cyprinidae, Teleostei. The Carassius, as I 
reported in the previous paper ('26), is widely distributed in Japan 
and can be captured in every freshwater district. 

For the first investigation I collected the material from a brook 
near Masuda Town, and for the .second investigation from the Hanuki 
canal near Iwanuma Town, all in the neighborhood of Siendai. This 
I)articular canal was selected because Carassius are very abundant in 
it and the water does not freeze in cold weather. In both cases the 
fish were collected with a hand net. 

At the first investigation I wished to ^observe the relation of the 
increase in the weight of the brain to the increasing body weight and 
body length, so I collected Carassius of all sizes, ranging from a total 
body length of 30 mm. to 146 mm., and a body weight of 0.41 guE to 
38gms. or more. I got the following formula as the result of this 
investigation: 

Brain weight=lc^ Lx a/WxC 

Here I- represents the total body length, W the body weight, and 
C the constant. 

At the second investigation wished* to know how the value of 
the constant changes from month to month, that is, how the relative 
weight of the brain and its water contents change with the season. With 
thc.se objects in mind, I collected mature fish, mainly female because 
they are easy to get, and observed 12 or more fish every month. 
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Techniouk employed. 

Carassius is very strong and is easily kept in the laboratory, for 
example, by renewing the water once a week we can keep Carassius 
for 6 or (5 months without giving food. 

For my first investigation I kept them in a live-lx)x in the pool 
belonging to the laboratory with a hope to supply many plankton for 
them. In each case I did not keep them more than one week. For 
tlic second investigation, the number which were to be examined each 
time being smaller, I almost always finished in the first day. 

The technique throughout the course of the research was essentia My 
uniform. At first, after sc(X)ping up a fish with a small hand net, I 
wiped the water from its body with a towel, and then tcx>k the body 
weight to the nearest 0.01 gm. Next, the fish was laid on its side 
and the total body length was determined, taking the distance between 
the snout and the tip of the upper lobe of the caudal fin by means 
of a divider which reads directly in mm. 

In order to remove the blood from the cranial cavity, I cut off the 
main blood vessel at the posterior end of the jxjctoral fin. After that, 
the brain was exposed by scissors or small bone forceps. In a few 
instances the coagulated blood in a thin film was found in the cavity 
but it could easily be taken out with forceps. Then the brain was 
separated from the spinal cord by an incision between the first vertebra 
and the base of the skull, the olfactory nerves were cut close to the 
cerebrum, and the pituitary body was removed. The brain was then 
placed in a small bottle, which had been previously weighed and 
preserved in a desiccator. 

The gonad was weighed and used for correcting the body weight. 

The fresh weight of the brain was determined by weighing the 
bottle again to a milligram, then the bottle with its contents was 
placed in a steam oven at a temperature at 90* to for one week, 
and weighed. The difTerence between the fresh weight and the dry 
w^eight gives the weight of the water. 

I, The RELATION BETWEEN THE BODY WEIGHT AND 
THE TOTAL BODY LENGTH. 

The relation between the body weight and the total body length 
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gives the following ratios. The ratio obtained by dividing the body 
length by the body weight diminishes as the body weight increases. 
(See Table 1 and 2.) 


Table 1. 

Data on Female Fish. 


’ specimen 

Body weight 
gms. 

i Body length 

' mm. 

! 

Ratios 

14 

0.72 

! 39.7 

55.1 

27 

1.47 

i 50.7 

34.2 

16 

2.64 

60.3 

22.8 

18 

3.51 

65.6 

18.7 

16 

4.61 

70.0 

15.2 

12 

5.62 

i 75.9 

13.5 

16 

6.54 

i 78.4 

12.0 

13 

7.66 

82.1 

10.9 

10 

8.61 

85.5 

10.0 

6 

0.53 

! 87.8 

9.2 

8 

> 10.64 

! 

91.8 

8.6 

5 

11.43 

93.2 

8.4 

7 

; 12.32 

: 95.0 

7.7 

13 

15.17 

1 102.8 

6.8 

6 

1 19.06 

109.0 

5.7 

5 

22.14 

118.0 

6.1 

4 

27.04 

120.8 

4.5 

1 

1 36.23 

145.0 

3.8 


Table 2. 

Data on Male Fish. 


No. of specimen 

Body weight 
gms. 

Body length 
mm. 

Ratios 

6 

0.74 

40.0 

64.1 

9 

1.39 

48.8 

34.7 

4 

2.62 

68.8 

1 22.4 

1 

3.48 

68.0 

; 18.1 

2 

4.68 

70.6 

1 16.1 
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From Table 1 and 2 we can sec that among Carassius of the same 
body weight the females have a slightly greater body length than the 
males. But by Hecht on the dog fish (T3) and weakfish (T4), and 
by Heincke on the European plaice (’07) sitnilar sex difference was 
not observed. 

Donaldson (’09) observed such a phenomenon in the albino rat, 
and rcix^rted that the ratio diminishes as the body weight increases, 
and also that there is a slight diflerence in the ratio between the sexes. 
But in the albino rat, the females have a slightly shorter body length 
for a given body weight than the males. 

It is reported by Hecht, Crozicr, and others that there is the 
following mathematical relation in the fish between the body length 
and the body weight: 

Y=a X’ 

In which Y represents the body weight, X the body length, and a 
the constant. 

In Carassius, according to my present data, if the body weight is 
expressed in gms., and the length in cms., the following relation is given: 

Body weight in gms.=0.0131 (Body length in cm.)* 

How the constant, 0.0131, which was found in Carassius, stands 
among the values found in other fish I gathered together in Table 3 
according to data given by Hecht (T6) and others. 


Table 3. 

Weight-length constant. 


Species 

ax 10* 

1 Oi>server 

Mustelus cants 

0.274 

Hecht (’16; 

Brevoortia tyrannus 

0.912 

II 

Qupea sprattus 

0.695 

Jenkins (’02) 

„ harengus 

0.631 


Anebovia hrownii 

0.709 

' Hecht (’16) 

„ mitchilU 

0.618 

j 

IVprilus alepidottis 

1.70 

II 

Cynoscion regalis 

0.877 

Crozicr & Hecht (^14) 

I/eiofitomuM xanthunis 

1.15 

Hecht (’16) 

Orthopristis cbryioptenw 

1.80 

II 
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Pleuronectes playcssa 1.07 Johnstone (T2) 

Carossius auratus 1.31 Sasaki 

The value of this constant, however, can not be absolute, because 
the weight-length relation may alter considerably according to the 
physiolc^ical changes that the species undergoes in the matter of 
nutrition, reproduction, and hibernation. Furthermore, there, will be a 
change due to the locality and climate. I am in full agreement with 
the opinion of Johnstone (Tl), who states about the plaice that.*'this 
coefficient is only convenient index of the * condition ’ of plaice 
inhabiting any given fishing ground.*' 

Making use of the data which I got at the second investigation, I 
will show the changes of the constant from month to month. (See 
Table 4.) 



Apr. May. June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar, 
Chart II. Periodic annual change in the weight-length ratio in the fetnale lish. 
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Table 4. 

Data on Female Fish. 


Month 

Body length 
ol>8. cm. 

obs. gms. 

Body weight 

cal. gms. 

dif./cal.xl00 

Apr. (’24) 

8.87 

8.34 

7.68 

8.69 

May 

9.67 

12.17 

11.48 

6.01 

June 

7.82 

6.68 

6.26 

6.91 

July 

7.84 

7.69 

6.31 

20.29 

Aug. 

7.28 

6.38 

6.05 

26.84 

Sept. 

7.66 

I 6.83 

6.89 

7.47 

Oct. 

7.84 

6.71 

6.18 

10.23 

Nov, 

8.03 

j 7.03 

6.78 

3.69 

Dec. 

7.86 

1 6.87 

6.34 

0.47 

Jan. (*25) 

7.10 

1 4.96 

4.87 

1.86 

Feb. j 

7.64 

6.98 

5.62 

6.41 

Mar. ' 

7.66 

; 6.81 

6.64 

11.88 


As is shown Table 4, the weight of the body in relation to the 
body length is much lighter in the months of December, January, and 
February, owing to the state of hibernation, but . in March the fish 
become active and take food voraciously, thus becoming heavier again. 
However, in May and June the body weight again decreases owing 
probably, as in the case of salmon (Miescher '89, '97, and others), to 
wasting of the muscle and other tissues for the production of sperm 
and ova, as well as to fatigue as a consequence of sexual excitement. 
In July and August, immediately after the reproductive period, the 
fish take food intensively and the body increases in weight considerably 
and gives maximum value in weight. After August the fish gradually 
become thinner till the period of hibernation, which b^ns in December. 
This gradual falh’ng oflf in weight may be due to lowering temperature 
and consequently to lesser appetite. 

The change of the weight-length relation with the season in the 
plaice is given by Thompson in his work on ‘‘ Growth and Form " 
and I have cited the entire table for the purpose of comparison v/ith 
my own ob55ervations on Carassius. 
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Table 6. 

Relation of weight to length from month to month in plaice 
of 55 cm. in length. (Cited from “ Growth and 
Form Thompson 1917 pp. 101.) 


Month 

i Average weight 
in gms. 

W/L^XlOO 

smoothed 

Jan. 

2089 

1.226 

1.167 

Feb. 

1785 

1.048 

1.080 

Mar. 

1616 1 

0.071 

0.080 

Apr. 

1 1685 

0.068 

0.967 

May 

1 1624 

0.976 

0.985 

June 

i 1707 

1.026 

1.006 

July 

1 1680 

1 1.018 

1.037 

Aug. 

i 1783 

1.072 

1.042 

Sept. 

1 1788 

1.042 

1.111 

Oct. 

1 2020 

1.220 

1.160 

Nov, 

2026 

1.218 

1.218 

Dec. 

j 1008 

1.201 

1.215 

1 


Thompson explains “with unchanging length, the .weight and 
therefore the bulk of the fish falls off from about November to March 
or April, and again between May or June and November the bulk 
and weight gradually restored. The explanation is simple, and depends 
wholly on the process of spawning, and on the subsequent building 
up again of the tissue and the reproductive organs.*' 

Comparing the seasonal changes in plaice and Carassius, it will be 
recognized that there is a time in which the plaice falls off in weight 
because of the process of reproduction, but in the Carassius there are 
two such periods, one due to the process of reproduction and the 
other to hibernation. (See Table 4 and Chart II.) 


II. On the relation between the drain weight and 
THE total body LENGTH AND WEIGHT. 


Making use of the data obtained at the first investigation, I wished 
to get a relation between the brain weight and the body weight. I have 
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attempted to apply the formula which was suggested by Don¬ 
aldson, that is, C. N. S.=log Wxt/LxC. It was soon found that 
the value obtained by multiplying the logarithm of the body weight 
by some root of the length of the body was not suitable in this case. 
Thinking that the form of Carassius differs from the frog, I tried to 
multiply the logarithm of the body length by some root of the body 
weight. After trials, I found that this modification of the original 
formula of Donaldson gives more satisfactory results, that is, 

Brain Ayeight—log Lx -^WxC 



Chart. III. Showing the weight of the brain in female fish in relation to Ixxlr 
weight. 


X Observed 


• Calculated 
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Here the weight of brain, in milligrams, is made equal to the 
logarithm of L, the body length, expressed in millimeters, multiplied by 
the square root of W, the weight of the body, in grams, the product 
of these factors being raised to the value of the observed weight of the 
brain by multiplying by a constant C. This constant, in the present 
case, has the value of 17.1, fluctuating from 16.9 to 17.9. 

This formula differs from Donald.son*s formula for the frog in taking 
the logarithm of the body length instead of the body weight. This 
modification was necessary because of the difference in the morphology 
of fish from frogs. Furthermore, I have used only the brain weight, 
while Donaldson used the entire central nervous system in his formula. 
In Table 6 are given the values of the observed brain weight con¬ 
trasted with the calculated weight of brain according to the formula 
given above. 


Table 6. 

Data on Female Fish. 


Weight 

No. of 

Mean body 
weight 
gms. 

Mean total 
body length 
mm. 

Value of 

Mean brain weight 
mgmi). 

range 

1 8(>ecinien 

1 

constant 

obs. 

cal. 

0-1 

14 

0.72 

89.7 

17.1 

23.2 

23.2 

1-2 

27 

1.47 

60.3 

17.0 

36.9 

.^6.3 

2-3 

10 

2.64 

60.3 

17.6 

60.6 

40.5 

3-4 

IS 

3.61 

66.6 

17.6 

69.6 

58.2 

4-6 

16 

4.61 

70.0 

17.4 

69.0 

67.7 

6-6 

12 

6.62 

76.9 

17.6 

78.3 

76.2 

6-7 

16 

6.5<l 

78.4 

17.6 

84.8 

82.8 

7>8 

13 

7.66 

82.1 

16.8 

88.3 

80.9 

8-9 

! 10 j 

8.61 

86.6 

l.M 

96,6 

96.6 

9-10 

1 5 

0.63 

87.8 

17.6 

106.2 

102.6 

10-11 

8. 

10.64 

'91.8 1 

i 16.8 

107.8 

109.4 

11-12 

6 

11.43 

93.2 

16.6 

110.4 

113.9 

12-13 

1 i 

12.32 

! 95.0 

16.7 

116.2 

118.7 

13-17 

* IS 

1 16.17 

102.8 < 

16.6 

130.0 

134.0 

17-21 

' 6 1 

19.C0 

j 109.0 ! 

! 17.6 

166.2 

162.1 

21-26 

6 1 

22.14 

i 113.0 ! 

16.0 

154.6 

166.2 

26-88 

6 1 

1 

29.28 

1 1 

126.3 1 

16.4 

186.9 

194.2 
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Concerning the same relation, KelHcott ('08) studied the smooth 
dog-fish and plotting the body weight on the base line and the brain 
weight on the ordinate, he drew an ideal curve by hand. But he 
docs not record the hod^r ’length in his paper so I regret that I could 
not test the applicability of my formula to it. Hatai ('18) investigated 
about 74 gray-snappers and found that the relation of the brain weight 
to the increasing body length is practically linear and may be satis¬ 
factorily expressed as Yt=axbX, in which Y represents brain weight, 
X length, and a and b arc the constants. In the albino rat, Donaldson 
('09) found that the relation between the brain weight and body weight 
or body length can be represented by a logarithmic curve. 

From the formula, Brain weight=l(^ Lx v^WxC, we can at once 
determine the value of C from the relation: 

r— 

log Lx 

We find then the value of C varies directly with the weight of the 
brain. It becomes, therefore, possible to express the changes in the 
relative weight of the brain by the difference in the value of C quite 
independently of the absolute body size of Carassius. 

By this method, comparing the value of the constant, I wished to 
know if the value of constant changes from month to month and the 
results are given in Tables 7 and 8. 

Table 7. 

Data on Female Fish. 


Date 

No. of 
specimen 

Mean body 
weight gms. 

Mean body 
length mm. 

1 Mean brain 
iweight mgms. 

Value of 
constant 

Apr. 26, 1624 

18 

8.34 

8.8.7 

96.4 

17.2 

May 23 

13 

12.17 

95.7 

j 114.3 

36.5 

June 26 

11 

6.48 

78.2 

1 81.6 

16.7 

July 19 

15 

7.89 

78.4 

1 81.2 

15.6 

Aug. 26 

14 

6.68 

72.8 

' 78.0 

16.6 

Sept 25 

20 

6.88 

76.6 

1 74.6 

15.7 

Oct. 27 

38 

6.71 

73.4 

j 76.1 

17.1 

Nov. 26 

19 

7.08 

80.3 

98.6 

19.5 

Dee. 20 

15 

6.37 

78.5 

i 93.8 

19.6 
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Jan. 27. 1926 

16 

4.96 

71.9 

77.6 

Feb. 26 

20 

6.98 

76.4 

82.2 

Mar. 26 

13 

6.31 

76.6 

78.5 


Table '8. 

Data on Male Kish. 


Date 

No. of 
specimen 

I Mean I)ody 

1 weight gms. 

- Mean body | Mean brain 

1 length mgms.^weight mgms 

Value of 
constant 

Apr. 26. 1924 

2 

7.99 

1 82 

96.1 

17.8 

May 23 

,3 

4.20 

CO 

1 67.1 

17.8 

June 26 

5 

6.47 

76 

i 90.6 

18.9 

July 19 

2 

7.75 

79 

89.6 

17.0 

Aug. 26 

! 0 

— 

— 

j 

— 

Sept. 25 

1 ^ 

— 

1 

' 

— 

Oct. 27 

i 

5.66 

; 74 

1 79.2 

17.8 

Nov. 26 

1 1 

8.57 

83 

106.7 

19.0 

Dec. 20 

1 i 

6.30 

77 

87.1 

18.4 

Jan. 27, 1926 

1 

7.55 

81 

94.1 

18.2 

Feb, 26 

M . 

•4.17 

67 i 

67.^ 

18.1 

Mar. 26 

.5 

6.85 

78 j 

85.7 

17.9 


The value of the constant, that is, the relative weight of the brain, 
is low in spring, after hibernation, and in summer, after the process 
of reproduction, but is high in winter before hibernation. 

In other words, in March, after the hibernation, the relative weight 
of the brain is low and becomes higher from the beginning of April. 
In May or June the fish reproduce sperm and ova and some of them 
continue the process until August, according to the environment. In 
my present data, the constant in July is minimum for the year round, 
and in August there is slight recovery, in September it falls a little 
again, perhaps resulting from the postponement of the process of 
reproduction in some of the specimen. October and November are 
months in which the fish prepares for hibernation and then also the 
value of constant reaches maximum. From the middle of December 
to March of the next year, the fish hibernate and the value of 
constant becomes lower and lower. 
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C^AKT IV. Showing the value of the constant cf the brain according to the season. 

—— Female fish - Male fish 

Such an increase and decrease of the value of tlie constant (the 
relative weight of brain), corresponds with nutrition, reproduction, and 
hibernation, as the body length and weight do (see page 246). It is said 
generally that in the higher animals, for example in Mammalia, the 
weight of the brain is less changeable under varied physiological states, 
for instance, Marchand (’02) in men, and Findley (’21) in pigeons and 
fowls, report that there is no loss in the brain weight as the result 
of inanition# On the other hand, Porter (*86—’87, *89) published results 
fouqil^J:)/ autopsies upon victims of the Madras famine in which he 
reporj^ that in extreme cases there was an apparent loss of about 
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9.896 of the brain weight in the men and 8 . 196 in the women, while 
all oft hese had probably lost over 40 96 in body weight. He concluded, 
therefore, that the brain wastes like other tissue, though not so severely. 

According to Matiegka (*04) the brain is affected by the nutritional 
condition. Comparing extremes of gtxKl and poor condition in adults 
from 20 to 59 years of age, the brain weight under the former condition 
was heavier than the later to the extent of about 7.396 for the men 
and of 6.696 for the women. Valentin (’57) noted weights indicating 
a loss of about 696 in the brain of marmots with a loss of 36.696 in 
body weight after 166 days of hibernation, so we can see that there 
arc reductions in the brain weight due to the lack of nutrition and 
to hibernation. 

It is conceivable from the structure of the brain, that in lower 
vertebrates, such as fish, it may undergo still greater modification 
under the same unfavourable condition than in the higher vertebrates, 
especially the higher mammals. 

Seasonal changes of the value of the constant in the frog were 
published by Donaldson ('ll) and by Komine (’24). They say “the 
relative weight of the central nervous system is low at the time of 
emergence, high in the midsummer (July) and low again at the time 
of hibernation. During hibe?nation it remains nearly constant 

Komine (’24) compared the value of the constant in Rana 
nigromaculata with R. pipiens, R. csculenta, and R. temporaria, and 
said that these differences may partly be due to the difference of 
climate, location, and food. 

However, Donaldson interpretes the seasonal change in the relative 
weight of the central nervous system in the following words, “ This 
variation in the relative weight according to season is due to lack of 
coincidence between the growth of the central nervous system and 
the growth of the entire body ”, and Komine found, besides the changes 
of the brain weight, the corresponding changes of the water contents, 
as well as the deposition of non-protein substance. 

In the case of Carassius we also notice lack of coincidence between 
the growth of brain and the growth of the entire body, as was suggested 
by Donaldson. I make this statement from the fact that the variation 
of the constants in the formula Br.salog Lx V'w x C is nearly opposite 
the variation of constants given by the formula Y=aX*. Such relation 
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is shown in Charts II and dV. From this we can safely conclude 
that the body does not grow throughout the entire season in uniform 
relation with the brain. What the responsible factor is in producing 
such non-uniformity of growth between brain and body can not be 
definitely stated but we may mention the following as probable causes: 
first, inanition during hibernation and reproduction, second, production 
of gonads and exhaustion in the process of reproduction, both of which 
may waste the tissue, including the brain. 

Some will doubt that Carassius fasts during the process of 
reproduction but it is a well known fact among anglers that they 
can not hook Carassius by bait at the time of reproduction and during 
hibernation. But it is very easy in the spring (April) in the emergence 
from the hibernation, or after reproduction. 

III. On the water contents of the brain. 

The percentage of water shows very slight variation in the small 
fish of 0.4 gms to the large fish of 38 gms., tending to diminish as 
the body weight increases. (See Table 9.) 

Table 9. 

Data on Female Fish. 


Weight range 
gms. 

No. of 
specimen 

Mean water 
contents 

Mean brain weight 
mgms. 

0-1 

14 

81.80^ 

23.2 

1-2 

27 

81.64 1 

I 86.9 

2-8 

16 

81.76 

60.6 

8-4 

18 

81.88 

50.6 

4-5 

15 

82.60 ; 

60.0 

5-6 

12 

81.66 

78.8 

6-7 

16 

. 8S.09 

1 84.8 

7-8 

13 

81.96 

88.8 

8-0 

10 ' 

81.15 

06.5 

0-10 

5 

81.29 

105.2 

10-11 

8 

80.81 

107.8 


5 

81.88 

110.4 

■12-18 

7 

80.60 1 

116.2 



ON A FORMULA FOR DETERMINING THE WEIGHT ETC. 


265 


ia-17 

13 

81.(0 

130.0 

17-21 

5 

81.10 

156.2 

21-25 

5 

80.42 

154.5 

25-38 

5 

80.80 

186.9 


Table 10. 



Data on 

Male Fish. 


Weight range 

No. of 

Mean water 

Mean brain weight 

gms. 

specimen 

contents 

mgms. 

0-1 

6 

80.82^ 

23.2 

1-2 

9 

81.03 

32.8 

2-3 

4 1 

81.01 

47.3 

8-4 

0 

— ' 

— 

4-5 

0 

— 


5-6 

2 

79.73 

80.0 

6.7 

1 

80.11 

75.4 

7-8 

0 

i 

— 

8-9 

1 

81.43 

112.0 

9-10 

1 

8'>.40 

100.0 

10 -n 

3 

80. C3 

103.9 


Similar relations were observed by Donaldson (*05) in the summer 
flounder, by Scott (’12) in the smooth dog-fish, and by llatai (’18) 
in the brain of the gray-snapper. 

The greater amount of water is found, as a rule, in the younger 
system than in the older. It is a fact, proved by Donaldson (T6) 
and others, that in the central nervous system the water content 
decreases with the giK>wth of the organ. We know by Donaldson’s 
report (*10) that in the albino rat the water content of the brain at 
birth is 87 . 896 , which diminishes in maturity to 77 . 696 . During the 
first 26 days there is a rapid decrease of 696 . that is during the time 
of greatest growth of the central nervous system, and Donaldson (’16) 
reports that the water contents in the brain correspond to the deposits 
of the myelin substance, that is to say, the water contents diminish 
with the increase of myelin. 

Now in Carassius, according to my present data, there is no large 
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difference in the amount of water contained in the brain, but there is 
a slow decrease as the body weight increases, so it may be supposed 
that the brain develops during the 2 or 3 months after the fish are 
hatched and that the process of myelination occurs rapidly, but during 
the subsequent long jxsriod it must be very slight. 

We know that there is a slight difference in the water contents 
of the brain according to sex, that is, the male fish contains le^ss, but 
it is not peculiar to Carassius as there are reports by Hatai (^18) of 
the gray-snapper giving 77.49^ for the male fish and 78.1 9 ^ for the 
female and by Komine (’24) of the frog, Rana nigromaculata 84. 
69 ^, ^ 84.0 9 ^). lablc 11 gives data published in recent years 
concerning the water contents of the brain of fishes. 

Table 11. 


Species 

Water contents 
in the brain 

Authority 

Summer flounder 

78.4?i 

Donaldson (’05) 

Smooth dog-fish 

78.5 

Scott (’12) 

f Jray-snapper 

78.1(4), 77.4(J) 

Hatai (’18) 

Gold fish 

82.2 

Sasaki (Data not yet publi.shcd) 

Carassius auratus 

81.46(4), 80.79(t) 

„ (’28) 


82.16(4), 81..'J4(t) 

,. (’24-’26, 


As will be seen from Table 11 , the brain of Carassius contains 2 
or 89 ^ more water than the others. In my investigation on the 
water contents of gold fi.sh 82 . 29 ^ is shown, which is also higher by 
396 or more than the data given by Donaldson, Scott, and Hatai. 
As far as the limited data given above are concerned, the marine 
fish contain less water in the brain than the fresh whter fish, though 
I can not give the reason why these two forms differ from one another. 

One can see from Table 12 the percentage of the water changes 
from month to month, August giving maximum and April minimum. 

Furthermore, the water percentage is minimum in April and then 
increases little by little until in August it shows maximum. In 
September and October it diminishes a little but in November increases 
again. Then the fish hibernate until tlie end of March and the water 
contents also diminishes slowly. 
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Chart V, Showing the water percentage according to season. 

•-•-Feiiiale -X—. Male 


Table 12. 


Month 

Female 

Male 

No. of .specimen | 

1 Water contents j No, 

of specimen | 

Water contents 

Apr. 26 (’24) 

18 

81.22^ ! 

2 

t 80.37?i 

May 23 

13 

81.66 : 

. 3 

81.46 

June 26 

11 

j 82.27 


81.74 

July 19 

16 

i 82.76 1 

2 ! 

1 

! 81.86 

1 

Aug. 26 


83.41 1 

0 


Sept. 26 

20 ! 

81.07 i 

0 

1 

Oct. 27 

IS 1 

1 81.86 i 

I 

5 

1 81.26 

1 
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Nov. 26 

19 

82.65 

1 

81.54 

Dec. 20 j 

15 

82.86 

1 

81.06 

Jan. 27 (’26) ; 

16 

81.92 1 

1 

79.02 

Feb. 26 1 

20 

82.57 

2 

81.92 

Mar. 26 | 

18 

81.49 j 

6 

81.21 


Donaldson (*11) and Koniine (*24) published data on the water 
content in the frog. Koinine reported that the water content of the 
central nervous system of Kana nigromaculata increases in the summer 
and decreases in the spring. This can be seen in the Table of Don¬ 
aldson’s study on the seasonal changes in the relative weight of the 
central nervous system of the leopard frog.” He did not explain by 
what reason the water content of the brain changes by the season but 
reports that the water content and the amount of the non-protein 
nitrogen stands in reverse proportion. 

On the other hand, reading the same paper of Donaldson (Tl) 
which was cited by Kominc, we can see ** it is important to state 
that in both the brain and spinal cord no systematic variation in the 
ixjrcentage of water can be observed during active season.” But on 
the percentage of water in the entire body he reports as follows, 
“ During the active season, the percentage of water in the entire frog 
falls slightly from spring to summer and rises from summer to autumn. 
Tliese changes seem to be due to the combined effects of advancing 
age and varying food supply.” 

From Donaldson’s and Komine’s reports in the frog we notice 
there is a slight difference of about 19 ^ in the percentage of water of 
the brain by season but in Carassius we can see that there is a 
difference of 2.2 9 ^ when the maxima and minima arc contrasted. I do 
not know how the water content is related to the non-protein nitrogen 
in Carassius, but I can say from the data that the water content is high 
in the season when the metabolism is most active and at the time 
when the brain is heaviest. 
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Summary. 

1. In Carassius, the ratios of the body weight and the total body 
length diminish as the total body length increases. 

2 . Among Carassius of the same body weight, the females have 
a slightly greater body length than the males. 

3. The relation between the body length and the body weight is 
shown by the formula, 

Body weight in gms.=0.0131 (Body length in cm.)*. 

4. The value of constant changes regularly with the season. 
Generally speaking, within the whole year, in July and August it is 
highest, in December lowest. 

5. Such a regular change of the constant of the weight-length 
relation may be mainly due to lack of nutrition during hibernation, 
and to reproduction and exhaustion. 

6 . The relation between the brain weight, the body weight, and 
total body length is shown by the formula: 

Brain weight in mgms.=log (Total body length in mm.) x 

V'Body weight in gms, xl7.1 

7. The relative weight of the brain or the value of the constant 
changes in the fish, as Donaldson found in the frog, with the season, 
and in Carassius we find that the value of the constant is low in spring, 
after hibernation, in summer, after the process of reproduction, and 
high in winter, before going into hibernation. 

8 . Such an increase and decrease in the relative weight of the 
brain may be due to two reasons: 

> 1. Inanition during hibernation and reproduction. 

2. Production of the gonad and exhaustion in the process of 
reproduction, which wastes the tissues, and perhaps also the brain. 

9. The water contents of the brain is slightly greater in females 
than in males. (See Table 12.) 

10. The water contents changes also with the season. It reaches 
maximum in August and minimum in April, that is, the water 
contents is high in the season the metabolism is most active and when 
the brain is heaviest, and is low under reverse conditions. 
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WEITERE UNTERSUCHUNGEN UBER DIE 
LEBENSDAUER DER WEIDENSAMEN. 


VtiN 

yAz6 nakajtma. 

Dass die Lebensdauer der Sanicn je nach der Art sehr un^leich 
ist» ist seit langcni bekannt, Es gibt Samen, welche ncx:h nach einigen 
Jahrzehnten keiinfahig sind, wie De Candolle, Becquerel, Nobbe und 
andere gezeigt liaben. Diese langicbigen gchoren meistens den hartcn 
Samen der Ijeguniinosen, Malvaceen u. a. an. Ncben diesen sehr lang- 
lebigen gibt es auch sehr kurzlebige. Nach Hildebrand werden die 
Samen von Oxalis rubella und deren Verwandte durch Austrockncn 
leicht getdtet. Auch ist bekannt, dass manche Wasserpflanzensamen 
gegen Austrocknen sehr empfmdlich sind. Nach mcinen Erfahrungen 
verliercn die Samen von Trapa natans ihrc Keimfahigkeit schon nach 
eincr nur wenige Tage andauernden Austrocknung unter dem direkten 
Sonnenlicht. Wie ich schon fnihcr (Nakajima 1919) zeigte, werden 
auch die Samen von Aucuba japonica, Fatsia jaix^nica, Mahonia 
japonica, Liriope graminifolia, var. communis, Gymostcmma pedatum 
durch Austrocknen geschadigt, und dasselbc gilt nach meinen Erfahr¬ 
ungen auch von Podocarpus macrophylla, subsp. Maki, Eriobotrya 
japonica und Ginkgo biloba. Die I-ebensdaucr aller dieser Samen 
kann man nur durch Vcrhindcrung des Austrocknens aulTallcnd verlan- 
gern. 

Seit langem weiss man, dass die Samen der Salicaccen nur cine 
sehr kurze Keimfahigkeitsdauer haben. So erwahnt Wichura (1865) 
gelegentlich seiner Bastardexperiinente mit verschiedenen Weiden, dass 
die Weidensamen nur fiinf Oder sechs Tage keimfahig bleiben. Nobbe 
(1876) spricht in seiner „ Samenkundc ** iiber die Kurzlebigkeit des 
Embryos der Ulme, Pappcl und Weide. Schroder (1886) hat mit 
Silix fragilis und Populus nigra Versuchc geniacht und bemerkt, dass 
Salix nach 26 Tagen, gleichviel ob frci an der Luft liegend oder aber 
in einer kleinen Glasrohre durch dichten Verschluss geschiitzt, gleich¬ 
viel ob im TJcht oder im Dunkeln aufbewahrt, die Keimkraft cinbusst. 
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Und .Pappelsamen biisste, wahrend 13 Tagen im EKsikkator gelegen, 
seine Keimkraft zur Ilalfte, nach 30 Tagen, lufttrocken oder in einer 
geschlosscnen Glasrohrc aufbcwahrt, seine ganzc ein. In seiner 
„ Biologic der Pflanzen *’ gibt Wiesner (1889) kn, dass Salix purpurea 
nach 41 Tagen zu 219 ^, nach 60 Tagen zu IO 96 und nach 85 Tagen 
zu 8^ Keimung zeigt. Populiis nigra war noch kurzlebiger und 
verlor nach 50 Tagen seine Keimkraft vollig. Er hat auch bemcrkt, 
dass, wenn Salix bei 70® und Populus bei 60® getrocknet werdcn, 
sie an Keimkraft nicht leiden. Bei Salix pentandra konnte Woloszezak 
(1889) eine Lebensdauer von 48 Tagen feststellen. Leider konnte er 
seine Untersuchungen nicht weiter fortsetzcn, da er keine Samcn mehr 
vorratig hatte. Mit Rucksicht auf die Angabe von Wiesner fiigt er 
hinzu: „ Mir scheint es jedoch, dass die Zeit von 85 Tagen (das zeigt 
Wiesners Resultat) keine aiisserste Grenze fiir die Keimungsfahigkeits- 
dauer der Weidensamcn iiberhaupt bilden.’* Shirasawa und Inamura 
(1906) geben an, dass die Samen von Populus tremula var. villosa nur 
eine Keimlahigkeitsdauer von 30-42 Tagen haben. Oyaina (1911) 
hat mit denselben Samcn experimenticrt und sie in verschicdener 
Weise aufbcwahrt. Die langste Keimfahigkeitsdauer beobachtete er, 
wenn er die Samen J-1 Stunde im Tageslichtc trocknete, dann im 
Glase dicht verschloss und im Keller aufbewahrte. Dann keiinten sie 
noch nach etwa 70 Tagen. Wurden die Samen aber im offenen 
Glase belassen, zeigten sie nur eine lebensdauer von 17-21 Tagen. 
Nohara (1913) hat mit den Samen von Salix rubra und S. rubra x 
S. purpurea subsp. amplexicaulis folgende drei Aufbewahrungsversuche 
gemacht. 1. im Exsikkator iiber Chlorcalcium, 2. im Zimmer an der 
Luft, 3. in mit Wasserdampf gesattigtem Raum. Das Resultat war 
folgendes. Bei 1) war die Keimkraftdauer nach 1-3 Tagen, bei 2) 
nach 12-15 Tagen und bei 3) nach 7-12 Tagen erloschen. Kinzel 
(1916 u. 1920) untersuchte verschiedene Weiden und bemerkte, dass 
die Lebensdauer der Weidensamen sehr kurz ist, aber nach der Art 
verschieden, und dass die Samen der Alpen- oder arktischen Weiden 
betrachtlich widerstandiahigcr gegen Austrocknen sind als die der in 
der Ebene wachsenden Weidenarten. Oyama (1920) hat mit denselben 
Objekteii wie friiher noch weiterc Versuche ausgefiihrt, und diesmal 
ist es ihm gelungen, ihre Lebensdauer bis zu 165 Tagen zu verlangern 
dadurch, dass er die Samen iuerst mit Chlorcalcium .wahrend 30 
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Tagen trocknete und dann im Glasgefass dicht verschlossen aufbewahrte. 

Wie aus der IJteratur-Ubersicht 7u ersehen ist, liegen bereits 
viele Versuche ubcr die I-ebensdaucr der Weidensamen vor, aber es 
schcint mir, dass der Plinfluss der Luftfeuchtigkeit noch zu wcnig in 
Betracht gezogen wurde. Wie wichtig z. B. dieser Einfluss fur die 
I^bensdauer der Pollenkorner ist, geht aus der Arbeit von Pfundt 
hervor. Ich begann daher schon in mciner letzten Abhandlung 
(Nakajima 1921) den Einfluss der Luftfeuchtigkeit auf die Keimfahig- 
keitsdauer der Weidensamen zu studieren. Um verschiedene Luftfeuch¬ 
tigkeit zu bekommen, wendete ich Schwefelsaure, Chlorcalciuin, 
Atzkali, gebrannten Kalk und Wassermischungen dieser Stoffe an, ferner 
benutzte ich auch Mittel wie Glyzerin u. s. w. Die Weidenarten, 
welche ich bei meinen Vcrsuchen hauptsachlich verwendete, waren 
Salix pierotii und S. japonica. Allc diese Samen biissten ihre Keiin- 
kraft schon nach einer Woche cin, wenn man sie im Zimmer an der 
Luft Oder im Glas dicht verschlossen liegen Hess. Desgleichen, wenn 
man sie iiber Schwefelsaure, Chlorcalciuin und anderen stark hygros- 
kopi.schen Mitteln aufbewahrte. Wenn man al^er diesen hygroskopi- 
schen Mitteln eine massige Wassermengc zusetzte. z. B. zu konzentrier- 
ter Schwefelsaure ein gleiches Volumcn Wasser und etwa 15^ 
Dampfspannung gewann und dann ubcr dieser Mischung die Samen 
aufbewahrte, so wurde die Ijebensdaucr zu mcincr Oberraschung 
ausserordentlich stark vcrlangert, auch bei Anwendung von Mischun- 
gen von Chlorcalcium, Atzkalk und anderen. Auch Glyzerin, ein 
massiges Trockenmittel, gab gute Resultate. Ich zeigtc auch, dass die 
Weidensamen, selbst wenn sie in fiir die Erhaltung der Keimfahigkeit 
giinstiger Luftfeuchtigkeit aufbewahrt wurden, schlicsslich doch zu 
Grunde gehen, wobei die hohe Temjxiratur des Sommers beschleuni- 
gend wirken durfte. Als ich eine Probe, welche iiber gemischtem 
Chlorcalcium in einem kleinen Glasgefass aufbewahrt war, in einern 
kuhlen Bninnen von Mai bis Oktober versenkt liess, dann hcrausnahrn 
und im Laboratorium von Zeit zu Zeit auf ihre Keimkraft priiftc, 
konnte ich noch nach 320 Tagen 2o^ gute Keimung bekommen. Im 
zweiten Jahre untersuchte ich ausser den oben erwahnten zwei Arten 
auch die alpine Weide, Salix Reinii, deren Samen ich am 20. Juli 
1920 auf dem Konseitoge in Nikko gesammelt hattc. Die Samen 
wurden am selben Tage in zwei Teile geteilt. Den einen Teil 
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bewahrte ich iiber geniischtem Chlorcalcium und trockncm gelosch- 
ten Kalk auf, den zweiten verschloss ich dicht in ein Glasgefass 
Oder umwickclte ihn init Paraffmpapier und licss ihn an der Luft 
liegen. Dieses Material wurde am 26. Juli in mein I-aboratorium in 
Tokyo gebracht und dort fur die Versuche verwendet. Am nachsten 
Tage, d. h, am 27. Juli, zeigten alle diese Proben mehr oder weniger 
Keimung, aber fiinf Tage spatcr zeigte es sich, dass der zweite Teil 
ganz zu Grunde gegangen war. Der erstc Teil dagegen behielt bis 
ins* nachste Jahr, d. h. nach noch 180 Tagen, einige Prozente seiner 
Keimfahigkeit. Ich konnte jedoch bei meinem Pvxperiment mit S. 
Rcinii keine besondere Widerstandsfahigkeit gegen Austrocknen 
beinerken, wie das Kinzel fur Alpenweiden angibt. 


In den folgenden Versuchen benutzte ich einen kleinen Eisschrank, 
welcher durch Eis von oben gekuhlt wurde. Tcmperaturschwankungen 
waren natiirlich nicht zu vermeiden, immerhin erzielte ich Im heissen 
Sommer eine Temperatur von 10-ltTC. Be.sondere Aufmerksamkeit 
wurde auch diesmal dor Vorbehandlung der Samenernte gcschenkt 
Um massige Luftfeuchtigkeit fur Samen zu erziclen, bediente ich mich 
hauptsachlich der Schwefelsaure- und Chlorcalciumgemische, 

Mein Versuchsmaterial war dasselbe wie vorher: S. Pierotii und S. 
japonica, Es wurde von denselben Baumen gesiimmelt, welchc mir 
5 Jahre hindurch die Samen geliefert hatten. Die Baumc befinden 
sich im botanischen Garten der landwirtschaftlicher Fakultat der 
kaiserlichen Universitat zu Tokyo. 

Die Methodc des Keimungsversuches, die Aufbewahrungsweise u. a. 
waren fast glcich wie vorher. 

V^RSUCU 1. 

Am 4. Mai 1921 wurden gereifte Katzchen von S. Pierotii und S. 
japoniqa gepfliickt, im Zimmer getrocknet und am nachsten Tage die 
entblossten Samen gesammelt. Ich habe die Samen auf folgende vier- 
fache Weise aufbewahrt. 

1 , Die Samen sind mit Parafifinpapier umwickelt und im dunkeln 
Zimmer aufbewahrt. 

2. Die Samen sind in einer Glasflasche dicht verschlossen und im 
dunklen Zimmer aufbewahrt. 
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3. Die Sanien sind mit Paraffin pa pier umwickelt und im Eis- 
schrank aufbewahrt. 

4. Die Samen sind in einer Glasflaschc dicbt verschlossen und 
im Eisschrank aufbewahrt. 

Jede Oder jede zweite Woche wurde.eine Probe entnommen und 
dem Keimungsversuch unterworfen. Das Resultat war folgendes. 
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W^e die Tabclle zeigt, verliercn die Samen, welche niit Papier 
umwickclt oder dicht im Glas verschlossen und im dunklen Zimmer 
aufbewahrt warden, nach ciner Woche ihre Keimkraft fast vollstandig. 
Das stimmt vollig mit den in meiner ersten Arbeit mitgeteilten 
Versuchen (Nakajima J921 S. 23-26) ubercin. Aber die Samen, 
welche im Eisschrank aufbewahrt warden, zeigten eine welt langere 
Keim(ahigkeit. Auch zeigt sich, dass zwischen den zwei Arten der 
Weiden betrachtliche Unterschiede bcstehen. Darauf habe ich schon 
in meiner letzten Abhandlang hingewiesen, aber bei dem Versuch mit 
im Eisschrank aufbewahrten Samen trat der Unterschied besonders 
aaflfallend hervor. Wahrend S. Pierotii im diesem Versuche nach 28 
Tagen 896 gate Keimung zeigt, weist S. japonica noch 44^6 auf; 
nach 36 Tagen hat jene keine Keimung, diese noch 6896 gezeigt. 

Versuch 2. 

Ferner machte ich folgendes Experiment. Die gereiftcn Katzchen 
von S. Pierotii warden anfangs mit einen Gazestiick umwickelt und 
dann dirckt auf das Eis im Eisschrank gelegt. Von Zeit zu Zeit 
entnahm ich dieser Probe Katzchen, trocknete sie einige Stunden im 
Zimmer, holte die Samen heraus und priifte ihre Keimfahigkeit. Es 
ist selbstvcrstandlich, dass bei dieser Behandlung die Samen vor dem 
Trockncn bestandig fcucht crhalten warden. 

Nachfolgende Tabelle zeigt das Ergebnis zweier Versuche ; bei dem 
ersten warden die Katzchen am 1 . Mai und bei dem zweiten am 19. 
Mai vom Baume gepfliickt und der oben mitgeteilten Behandlung 
unterworfen. 

Tabelle II. 

S. Pierotii. Aufbewahrt direkt auf das Eis. 


Verbuchstag 

11. VL 

8. vn. 

jkrltnung 

14 

der 

gute 

Keimung 

ii 

icHlechte 

Keimung 

Summe 

gute 

Keimung 

achwache 

Keimung 

achlechte 

Keimung 

Summe 

I. 1. V. 


m 

2 

77 

82 

11 

86 

78 

11. 19. V. 

71 


B 


86 

15 

80 

SO 
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Es hat sich also ergeben, dass die Lebensdauer der Samen noch 
mehr verlangert wird, wenn sie nicht bloss in den Eisschrank gelegt, 
sondern direkt aufs Eis gelegt werden. Im erstcrn Fallc war die 
Keimiingsfahigkeit schon nach 49 Tagen (siehe Tabelle I) verschwun- 
dcn, wahrend im letzteren noch nach 60 Tagen iiber 30 9 ^ gute 
Keimung festzustellen war. 

Da die Temperatur der Luft im Eiskasten nicht defer als 10®, die 
Eistemperatur fast 0® ist, so wird man wohl kaum mit der Annahme 
fehlgehen, dass in dem eben beschriebenen Experiment die niedere 
Temperatur massgebend fur die Verlangerung des I^ebcns war. 

Versucii 3. 

Um zu erkenhen, ob die Voii>ehandlung, wclche die Samen vor 
dem Sammeln erhalten, irgend einen Einfluss auf die Keimkraftdaucr 
hat, machte ich folgende Versuche. 

Die gerciften Katzchen wurden, noch bevor sie sich am Baume 
geoffnet hatten, gepfliickt imd dann folgenden vier Vorbehandlungsartcn 
(A-D) unterworfen, 

A. Wurden im Freien bei Sonnenschein einen Tag lang gctrocknet. 

B. Vor dem Trocknen im Sonnenschein 18 Tage lang in der 
Luft des Eisschranks aufbewahrt. 

.C. Vor dem Trocknen im Sonnenschein wahrend einer Woche 
direkt aufs Eis gelegt, mit Gaze umwickelt. 

D. Anstatt im Sonncnlicht bei Ofenwarme einen Tag lang 
getrocknet. 

Die den vier Vorbehandlungsartcn ausgesetzten Samen wurden 
sodann z. T. bei Zimmertemperatur im Finstern z. T. im Eisschrank 
gleichfalls im Finstern deponiert. Und die Aufbewahrungsweise war 
die folgende. 

I. Bei Zimmertemperatur. 

1 ) Ober reiner konzentrierter Schwefelsaurc. 

2) Ober mit gleichem Volumen Wasser gemischter Schwefel- 
saure. 

3) In der Glasflasche dicht verschlossen. 

II. Im Eisschrank. 

1) Ober reiner konzentrierter Schwefelsaurc. 
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2) Uber niit glcichem Volumen Wasser gcmischter Schwefel- 
saurc. 

3) In dcr Glasflasche dicht verschlossen. 

Die Tabelle III zeigt das Ergebnis. 

Oder mit Worten ausgedriickt: 

1 . Die liber reiner Schwefelsaure aufbewahrten Samen verlieren 
alle schon nach 1 Woche ihre Keimfahigkeit, nahe zu gleichviel, ob 
im Zimmer liegend oder im Eisschrank aufbewahrt. 

2 . llingegcn wird die Keimfahigkeitsdauer der iiber einem Gemisch 
von Wasser iind Scliwefelsaure liegenden Samen in hohem Grade 
verlangert, und in diesem Fall ist das Ergebnis im Eisschrank weit 
besser als im Zimmer. 

3 . Die Art dcr Vorbchandlung (A-D), der die Samen vor der 
verschiedenen Aufbewahrungsweise ausgesetzt wurden, hat grossen 
Einfluss auf die I^ebcnsdauer der Samen. Wie die Tabelle zeigt, 
lieferte C das bcste Ergebnis, dann folgt D und A nacheinander und 
schliesslich mit dem schlechtesten Erfolg B. Es behiclten also die 
anfangs eine Woche hindurch auf Eis gekiihlten dann in verschiedener 
Weise aufbewahrten Samen ihrc Keimungsfahigkeit am langsten. 
Dann zeigtc sich bei den iiber verdiinnter Schwefelsaure im Eisschrank 
aufbewahrten Samen noch nach 114 Tagen 44 9^ gute Keimung. 
Gewiss eine bemerkenswerte Tatsache. Es diinkt mich wahrscheinlich, 
dass durch die niedere Temperatur irgendeine stoffliche Veranderung im 
Embryo verursacht und die Widerstandsfahigkeit der Samen vermehrt 
wird. Diese Tatsache wird auch durch die folgenden Versuche bestatigt. 

Versucii 4. 

Das beim Versuche 2 benutzte Material, d. h. die Samen. welche 
vom 1. und 19. Mai bis 8. Juli auf dem Eis gekiihlt worden waren, 
bewahrten ich uber verdiinnter Schwefelsaure im Eisschrank auf. Das 
Resultat zeigt die folgendc Tabelle. 



WEITERE UNTERSUCHUNGEN UBER DIE LEBENSDAUER ETC. 271 


Tabelle IV. 

S. Pierotii. Aufbewahrt iibcr Schwefelsaure- 
mischung im Eisschrank. 



“■^^^ersuclistag 

1 11. IX. 

I 16. V. (im n&chsten Jahr) 


Keimung 
Auf- ' ^ 

|)cw. Weise' -- 

KUte 

Keim. 

schwa- 

che 

Keim. 

schle- 

rhte 

Keim. 

Summe 

gute 

Keim. 

.schwa- 

che 

Keim. 

schle- 

chte 

Keim. 

Summe 

1 . V.--8. vn. 

auf Eis gelegte 
ProbiC 

Zimmertemp. 

1 1 

8 ’ 

86 

44 

0 

0 

0 

0 

im Eisschrank 

SI 

16 

1 « 

88 

2 

36 

80 

47 

19. VII. 

Zimmertemp. 

10 

12 

80 

52 

0 



0 

nUI CtflS gClcgve 

Probe 

im Eisschrank 

20 

29 

i a-s 

82 

0 



70 


Wie die Tabelle lehrt, zeigen die Samen, welche wahrend 68 Tagen 
auf Eis gekuhlt und nachher iiber verdiinnter Schwefelsaurc im 
Eisschrank getrocknet wurden, noch nach 379 Tagen 2^ gute 
Keimung. 

Versuch 5. 

Als Trockenmittel an Stdle von SchwefeLsaure brauchte ich auch 
Chlorcalcium. Um massige Luftfeuchtigkeit zu bekommen, benutzte 
ich etwa 25 prozentiges wasserhaltiges Chlorcalcium. In diesem Ver- 
suche wurden alle Proben iiber diesem Mittel aufbewahrt und in den 
Eisschrank gebracht. Die Vorbehandlung der SamenerntC war die 
folgcnde. 

1. Die gereiften Katzchen wurden wahrend 12 |Tagen (vom 1. 
Mai bis 12. Mai) in der Luft dcs Eisschranks aulbewahrt und 
dann einen Tag lang im F*reien getrocknet. 

2. Die gereiften Katzchen wurden wahrend 12 Tagen (vom 1. 
Mai bis 12. Mai) direkt auf dem Eis belassen und dann wie 
vorher behandelt. 

3 . Die Behandlung war dieselbe wie bei 2. doch blieben die 
Katzchen nicht 12, sondern 24 Tage auf dem Eis. 

Mit diesen so behandelten Samen wurden am 11. September 
desselben Jahres und am 15. Mai des nachsten Jahres Keimungsver- 
suchc eingeleitct. 
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Tabelle V. 

S. Pierotii. Aufbewahrt uber Chlorcaldunitnischung. 



Versuchstag 11. IX. 

15. V. (im nilchstcn Jahr) 

u 

RUte I 
Keimung j 

schwache 

Keimung 

schlechte 

Keimung 

Summe 

gutc 

Keimung 

schwache 

Keimung 

schlechte 

Keimung 

Summe 

1 

22 1 

28 

89 

89 

0 

17 

84 

61 

2 

72 ; 

8 

15 

95 

80 

32 

23 

85 

a 

70 i 

10 

12 

92 

28 

33 

20 

87 


Dor Versuch ergab glcich den zwei vorhergehendcn Versuchen, 
das beinerkenswcrtc Resultat, dass die Samen, welche der Behandlung 
2 aiisgesetzt wurden, noch nach 1 Jahre nahezu 30^ giite Keimung 
zeigten. 

Zum Schluss will ich noch einen Versuch hinzufugen, der mich 
zufallig eine auffallende Tatsache lehrte. Bei dem Versuche 3 wurden 
unter anderen eine Probe in einem gcschlossenen Glasgefass uber 
verdi’innter Schwefelsaure ini Eisschrank aufbewahrt. Wahrend das 
andere Gefass, jedesmal wenn fur Keimungsversuchc Samen entnommen 
wurden, von Zeit zu Zeit geoffnet wurde, blieb das eine immer 
verschlossen. Als ich nun auch Keimungsvcrsuche mit den Samen, 
welche in dem stets verschlossen gebliebenen Gefass sich befanden, 
raachtc, zeigte cs sich, wie die nachste Tabelle VI lehrt, dass die Samen 
noch nach 360 Tagen zu 63^ gut keimten, wahrend die anderen, aus 
dem zeitweise gcoffneten Gefass entnommenen Samen, nach 114 Tagen 
nur noch zu 44 9^ und nach 360 Tagen uberhaupt nicht mehr keimten, 
wie wir das aus Tabelle III ersehen konnen. 

Der Versuch lehrte auch glcichzeitig, dass sich die beiden verwen- 
deten Arten S. Pierotii, und S. japonica sehr verschieden verhalten. 
S/ Pierotii erweist sich in unserem Falle viel lebenskraftiger als S. 
japonica. 
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Tabelle VI. 

Aufbewalirt iiber Schvvefelsaureniischung. 


Versuchstag j 16. V. (ira nUchstcn Jahr) 


Keimung Keimung 

N.iinen 

schwache 

Keimung 

schlechte 

Keimung 

1 Summe 

S. Pierotii 68 | 

1 

27 

13 

1 

93 

S. Japonica ; 0 

0 

1 

1 


Nach dem Ausfall dieses Versuches muss man wohl annehmen, 
class unter den gcgebcnen Umstanden die mit dcr Offnnng des Gefas- 
ses verbundenen Luftung und, dadiirch plotzlich verursacht das einer 
veranderten Luftfeiichtigkeit und Temperatur Ausgesetztscin der 
Samcn, welches zwar nur sehr kurze Zeit dauerte, aber doch ofters 
wicderholt wurde, verkurzencl auf die Lebcnsdauer der Samen wirkt. 

ZUSAMMENFASSUNG. 

1 . Die bisherigcn, von verschiedcnen Forschern (Wichura, Sch¬ 
roder, Wiesner, Woloszczak, Nohara und Kinzel) gemachtcn Untersuch- 
ungen uber die Keimfahigkeitsdauer der Weidensamen haben im 
aligemeinen ergeben, dass diesc eine verhaltnismassig kurze ist. Die 
langste Dauer, welche bishcr beobachtet wurde, betnigt nach Wiesner 
etwa 85 und nach Woloszczak Tage. Die langjahrigen, sich iiber 
5 Jahre erstreckenden Vcrsuche des Verfassers iiber die Keimfahigkeits¬ 
dauer von Weidenarten haben aber gczeigt, dass es durch eine bestimm- 
te Behandlung und Aufbcwahrung dieser Samen gelingt, ihre 
I^bensdauer und Keimfahigkeit auffallend vicl langer, als bishcr 
beobachtet wurde, zu erhalten, bei Salix Pierotii z. B. sogar 379 Tage. 

2. Die Samen von Salix Pierotii und S. japx^nica verlieren ihre 
Keimfahigkeit unter gcwohnlichen Umstanden schon nach einer Wcx:he, 
Wenn sie aber gleich nach der Ernte in der Luft des Eisschranks 
gehalten cxler noch besser, wenn die Katzchen direkt auf das Eis 
gelegt werden, dann wird ihre Keimfahigkeit auffallend verlangert. 

3. Die allerbesten Erfolgc mit der Verlangerung der Lebcnsdauer 
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aber warden crzielt, wenn die Katzchen zuerst cine Woche auf Eis 
gelegt und dann die Samen iiber verdiinnter Schwefelsaure (mit gleichem 
Volumen Wasser gemischt) cxier wassergemischtein Chlorcalcium (Chlor- 
calcium 100 g. + Wasser 26 cc.) gehalten warden, 

4. Wenn Samen von Salix Pierotii im Eisschrank in zwei versch- 
lossenen Glasgcfassen iiber verdiinnter Schwefelsaure aufbewahrt werden, 
jedoch mit dem Unterschied, dass das eine von Zeit zu Zeit geliiftet, 
das andere aber nicht geoffnet wird, so zeigt sich, dass das Unter- 
bleiben der Liiftung die Keimfahigkeit auflallend verlangert; in cineiii 
bestimmten Fall keimten noch nach 360 Tagen 53 9^ gut. 

Zum Schliissc mochte ich Hcrrn Hofrat Professor Dr. Hans 
Molisch, der die Giite hatte, meinc Arbeit vor der Drucklegung zu 
lesen, meincn herziichsten Dank aussprechen. 
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VORLAUFIGE UNTERSUCHUNGEN GBER 
MYXOBAKTERIEN IN JAPAN. 

Von 

YOSniJI VOSHU. 

I. Kinikitung. 

Obwohl die Entwicklungsgcschichte und die Morphologic der von 
Thaxter^^ cntdeckten Myxobakterien sowohl durch die Untersuchungen 
dieses Forschers als auch dutch die Arbeiten von Baur,*^ Quchl/'^^ 
Vahle'*^ und Kofler''*^ genau bekannt geworden sind, sind doch ihre 
physiologischcn und biologischen Eigenscliaften nur gelegentlich bcriihrt 
worden. Wer sich mit der Untersuchung der Myxobakterien bcschaf- 
tigt, dem fallen sofort die Differenzen in der Farbe auf. 

Bei der Untersuchung der Myxococccn, die in Japan haufig vor- 
kommen, bin ich auch auf die Frage gestossen, ob man die Farbe der 
Myxococcen als ein fiir sie charakteristisches Merkmal ansehen diirfte, 
da die Fruchtkorper gewohnlich intensiv rot, hellrot, gelbrot, orange 
und sogar gelb sind. 

In seiner letzten Arbeit hat Thaxter (1904, p. 409) sclbst erwahnt, 
dass die von ihm anfangs nach Farbtonen aufgcstellen Arten: 
Myxococcus ruvescens und M. virescens dadurch nicht unterschieden 
werden konnen. Baur hat auf das Vorkommen der vcrschicdenen 

O Thaxter R., On the Myxolmctcriaceac, a new order of Schizoinyceles. Tk>t. Oa/.., 1892, 

Vol. XrV, p. 389. 

■ Further observations on the Myxolmcteripceae. Hot. Gaz., 1897, Vol. XXIII, p. 

896. 

-, Notes on the Myxobakteriaceae. Bot. (laz., 1004, Vi>l. XXXVII, p. 405 

3) Baur, 'E.f Myxobacterienstudien. Arch. f. Protistenk., 1005, Bd. V, p. 92. 

3) Quehl, A., Untersuchungen Uticr die Myxobakterien. Centralb. f. Bakt. Al>t. II, 1906, 

Bd. XVI. p. 9. 

. *•) Vahle, C., Vergleichende Untersuchungen ttber die Myxolwktcriazeen und JlaktCriazcen, 
’ sowte die Khodobakteriazeen und Spirillazcen. Centralb. f. Bakt. Abt. II, lOlO, Bd. 

XXV, p, 178. 

W Kofler, Ij,, Die Myxobakterien dcr Umgebung von Wien. Sitzung.sb.' d. K. A. cl. W/.ss. 

Wien, math-natutw. Kl. Abt. I, 1913, Bd. CXXIT, p. 846. 
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Farbtone im Fruchtkorper tier Myxococccn aufmerksam gemacht, ist 
jedoch nicht naher darauf eingegangen. Quehl (p. 22) untersuchte 
den Znsammenhang der verschiedenen Formen diescr fragUchen 
Myxococcen und kam zu dem Schluss, dass die beiden Arten immer 
durch abweichende Sporengrosse und Farbe der Fruchtkorper unter- 
schieden sind, Kofler (p. 869), dem dieses eigenartige Verhalten auch 
aufgefallcn war, fand sogar, dass der Unterschied in der Sporengnissc 
nicht immer so gross ist und dass es nicht selten Formen gibt, deren 
Zugehorigkeit zur einen oder anderen Spezies nicht zu entscheiden ist, 
da die Sporen auf der Grenze standcn und die Farbe keinen Anhalts- 
punkt fur die Erkennung beider Bakterien bot. 

Nun ist es die Frage, ob die verschiedenartigen Formen in eine 
einzige Spezies einzureihen und die verschiedenen Farbcn auf veran- 
dertc Bedingungen zuriickzufuhren sind. Wenn diese beiden Formen 
verschiedener Art sind, so muss man sie durch charakteristische 
Merkmale voneinander abgrenzen und ausser dem Unterschied in der 
Farbe noch andere Eigentiimlichkeiten irgendwclcher Art feststellen 
konnen. Die Aufgabe ist aber wohl nur mit Hilfe von Reinkulturen 
zu losen. Wegen der Leichtigkeit der Reinzuchtung des Myxococcus 
ruvescens wurden seine physiolt^schen Eigenschaften ziemlich klar 
gelegt, aber beim Myxococcus virescens fehit es an eingehenden 
Versuchen, da diese Bakterien schwer rein zu zuchten sind. Mit 
geeignetem Nahrboden gelang es mir, Myxococcus virescens rein zu 
zuchten und .seine physiologischen Eigentiimlichkeiten mit denen von 
M. ruve.scens zu vergleichen. 

In vorliegenden Untersuchungen beschrankte ich mich daher haupt- 
sachlich auf diese Aufgabe und iiihre die anderen morphologischen 
und systematischen Eigenschaften der Bakterien nur beilaufig’an. 

II. Aufkommen der Myxobakterien in Japan. 

Wahrend seines Aufenthaltes in Sendai hat Herr Prof. Hans 
Molisch eine Form von Myxococcus rubscens auf Pferdemist^^ gefunden, 
und er regte mich dazu an, die Myxobakterien in Japan zu untersuchen. 
Fiir seine freundlichen Ratschlage und seine Unterstiitzung spreche ich 

O Einige PferdemistknOddl warden in eine Flaache gegtben und im I^boratorium stehen 

gelasaen. 
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ihm auch an dieser Stelle meinen herzlichen Dank aus. 

Um Myxobakterien zu gewinnen, habe icli Mist in cine Petrischale 
Oder in ein grosseres Gefass auf das zu bcnutzende Filtrierpapier 
gegeben, im Thermostaten bei 26®C und gehalten und bisweilen 
begossen, aber nicht so stark, wie Mist im frcien Wasscr liegt. Das 
Erhalten der richtigen Feuchtigkeit dcs Mistes ist fur die Kulturen am 
wichtigsten und notigsten. Frischer sowie auch zu alter und ausge- 
trockneter Mist ist nicht verwendbar, zicmlich lange Zcit im Freien 
liegender liefert dagegen immer aiisgezeiclmetes Material. Erhalt man 
ihn nicht in giinstigem Zustand, so entsteht bald ein dichter Uberzug 
von Schimmelpilzen, Hutpilzen und Bakterien auf dem Mist, wodurch 
das Aufkommen von Myxobakterien ganz verhindert wird. 

Die Optimumtemperatur fiir Myxobakterien betr%t nach Baur und 
Quehl (p. f30) 36®C. Es ist mir jedoch nicht gegluckt, bei hoherer 
Temperatur Myxobakterien zu gewinnen, bei niederer erhielt ich aber 
fast immer Myxococcus rubesccns, ofters auch M. virescens. 

Das Wachstum der Myxobakterien auf dem im Jahre 1923-1924 
untersuchten Mistc ist im Folgenden zusammengcfasst: 


Tabellk I. 

In der TaWle bedcutet -f- Fruchtkflrjjerbildung. 


Mist 

Myxobak. . 

Hasen 

Hirsche 

Pferde 

Aifen 

BSrcn 

Vcrfallencie 

Wurzel- 

stUck 

Myxococcus 

ruvescens 



+ 

+ 

1 

-f 

Myxococcus 

virescens 

-f 

+ 

- 

- 

+ 

- 


Auf Mist von Hundcn, KUhen und Katzen war nichts zu finden. 


llasen* und Hirschemist erwiesen sich als besonders ergiebige 
Fundorte fiir Myxococccn, und zwar habe ich immer auf dem Mist, 
wcnn auch aus ganz verschiedenen Orten, z. B. auf dem Hirschemist 


O Wftre Mist von verschiedenen Arten noch genauer durchsucht wordcn, so hftttc man 
noch viele Arten von Myxobakterien finden kflnnen, aber Ich wollte ja keine syste- 
matische Untersuchung dieser Bakterien anstellen. 
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aus Matsushima, aus Kinkwazan und aus Nara; dieselben Baktcrien 
gefunden. Auf einem verfallenden Wurzelstiick, das im Laboratorium 
liegen gelassen wiirde, fand ich einmal cine grosse Menge Frucht- 
korper von Myxococcus ruvesccns, aber niemals auf Flechten, die 
nach Thaxtcr auch Fundorte von Myxococcen sein sollen. 

Die haufigsten Fornien der Myxobakterien in Japan sind, wie 
obige Tabelle erkennen lasst, Myxococcus ruvescens und M. virescens, 
obwohl letzterer viel seltener sich hndet. In Bczug auf die Haufigkeit 
dcr Species machen sich in Nordamerika und filuropa erhebliche 
Untcrschiedc bemerkbar, jedoch ist Myxococcus ruvescens (Myxococcus 
ruber, Baur)^^ immer die haufigste Form. Dies gilt auch von Japan. 
Woraus zu ersehen ist, dass Myxococcus ruvescens kosmo[)olitische 
Myxobakterien sind. 

Ill. RKI^^ZUCUTUKO. 

Um Reinkulturen von Myxobakterien zu erzielen, haben viele 
Forscher verschiedene Methoden beschrleben, es gibt aber kein ganz 
befriedigendes Verfahren. Das gewohnliche Plattengussverfahren ist 
fur die Reinzuchtung von Myxococcus ruvescens anwendbar, aber man 
kann damit bei M, virescens nicht zum Ziel kommen. Ich empfehle 
den dichten Mistagapnahrboden nach Vahle (p. 186), auf dem auch 
leicht eine grosse .Menge. von Fruchtkorpern des Myxococcus virescens 
gebildet wird. Von diesen Rohlculturen ausgehend, kann man weiter 
zur Reinzuchtung fortschreiten. 

I^ichter und sicherer gelangte ich aber zu Reinkulturen von 
Myxococcen nach folgendcm Verfahren. Impft man zunachst die 
Baktcrien unmittelbar auf den Mist, der auf Watte im Rcagenzglas 
bcrcits stcrilisfert'wurdcr-so wird nntcr-gunstigen Umstanden bald ein 
Kranz von Fruchtkorpern ' gebildet, ohric dass sich dabei kraftiges 
Wachstum des vegetativen Schwarms zeigt. Solche Fruchtkorjjer sind 
gewohnlich noch mil verunreiriigendert Baktcrien gemischt, aber das 
hat den Vorteil, dass man die Myxobakterien langere Zeit aufbewahren 
kann. Nun strich ich die Fruchitkorper auf die Oberflache des 
Nahragars aus. Auf geeigneteni Nahrboden zeigt der Schwarm 

' 1) Baur nadilte die von ihm rein kultivie>te Forte Myx«)COcciis ruber. Quehl (p. 18 ) 

betraebtet sic al)er al$ cine der vicIeU R&«»Hen Wi M. mvey^ns. 
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schwaches Wachstum, aber die Fruchtkorper konimen kraftig vor,’^ 
insbesonderc am oberen Teil dcs Nahrbodcns, wo das Agar allmahlich 
ausgctrocknet wird. Nach Vahle (p. 196) hindcrt die dainit erzielte 
Trockcnheit des Nahrbodcns das Wachstum der verunreinigenden 
Bakterien, aber nicht die Ausbreitung der Myxobakterien. Je weiter 
daher letztere wachsen, uni so weniger sind erstere ihnen beigemischt. 
Von dieser am Randc ziomlich reinen Stelle wurden Myxobakterien wic- 
der abgeimpft und dies so oft wiederholt, bis die Form rein auf Agar 
wuchs. Das oben erwahnte Verfahren wird nur dann mit gutcni 
Krfolg ausgefiihrt, wcnn man die Myxobakterien auf den Nahrboden 
zur Fruktifikation bringen kann. 

Viele Forscher suchtcn zwar ein Nahragar zu findcn, auf deni 
Myxobakterien wachsen und fruktifizieren, wie auf ihrem naturliclien 
Substrat, kamen aber im allgemeinen noch zu keinem befriedigenden 
Resiiltat. Als bestes Substrat fur Myxococcus ruvescens wird allgc- 
mein ein KartofiFeldckokt angegeben ; man kann darauf bei Kulturen von 
Myxobakterien einen guten Erfolg erzielen^ wie aus folgender Tabclle 
sich erkennen lasst. In diesem Vcrsuchc wurde M. ruvescens auf 
verschiedenen Nahrboden bei 26®C kiiltiviert imd seine Fruchtkorper- 
bildung besonders ins Auge gefasst. 

Tabelle II. 


Alter der Kultur; Tage; 


Dekokt 

1 

1 3 

4 

1 6 

1 

10 

1 26 

1 

42 

Glysine 

hispida, Spross 

1 Kol. 

unsiebtbar 

— 

1 

Kol. nur 
au8ge<lehnt 

— 

Frk. nichl 
gebildet 

IIcu 

Kol. 

krflftig 


; — 

Frk. viele 

Frk. gross 
und braun 

Frk. verblasst, 
al)geplattet 

Kartoffel 

Kol. 

kleiri 

— 

1 Frk. 

1 gebildet 

Frk. viele 

1 Frk kleiri 
und zahlreich 

Frk. verblasst, 
etwns 
abaeplattet 

Tofu-rUckstand 

iMucus 

Carota, Wurzcl 

; Koi. 

; unsichtbar 
Koi. klMn'voh 
2 mm. Breite 

Ffk, 

gcbildet 

1 

i — 

Frk. viele 

~Fr¥ ctw. 
viele 

Frk. sclir 
viele 

Frk. vide 

Frk. rot 

Frk. verljlasst 

Ailium 

Cepa, Zwiel>el 

KoT 

ausgcdehnt 

— 1 

_ 

Frk. I 
wenig 1 

Frk. viele 

Frk. verblasst 


Kol. w Kolonte, Erk.« FruchtkOrper. 


U Wie Vahle ^p. 212) und andere Forscher festgestellt hal>cii, wird die FrnchtkiV|>er- 
bildung auf Substrat mit reichlichem Nfthrstotfgehalt unterdrUckt* und cs wUchst nur 
vegetativ krflftig. 
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Fruchtkorper wcrden auf verschiedencin Nahragar gebildet, die 
Geschwindjgkeit der Ausbildung ist je nach der Art der Nahrboden 
deutlich verschiedcn; wahrend die Fruchtkorper auf Tofu^^- und 
Kartoffeldekoktagar schon innerhalb 6 Tage sich zeigen, kommen sie 
auf den anderen Nahrboden, mit Ausnahme von Grysinedekoktagar, 
erst nach 10 Tage vor, und nach 6 Woehen ist die rote Farbe der 
Fruchtkorper verblasst und ihre kugelige Form etwas abgeplattet. Der 
Stabchenschwarm verhielt sich ganz verschiedcn; er wachst kraftig 
auf Heudekoktagar, jedoch auf Kartoffeldekokt- und Tofuagar zeigt er 
schwaches Wachstum. 

Es ist hervorzuheben, dass die Fruchtkorper auf dem Tofuagar, 
wie auf naturlichem Substrate, nach mehr als eincm Monat bestandig 
blciben und ihre rote Farbe noch erhaltcn, wahrend sie anf den 
anderen Nahrboden nach einigen Woehen in sich zusammenfliessen. 
Das zeigt also, dass Tofuager iiir Myxococcus ruvescens das beste 
Substrat ist. Ich werdc spater wieder darauf zuriickkommen. 

Myxococcus virescens verhielt sich bei den einzelnen Nahrboden 
ganz verschieden. Ich habe mit M. virescens fast die gleichen 
Versuche angestellt wie mit M. ruvescens. Er wachst vegetativ 
weniger als M. ruvescens auf den verschiedenen Nahrboden, und 
Fruchtkorper treten bei ihm nicht auf. Fruchtkorperbildung 6ndet 
sogar nicht auf Kartoffeldekoktagar statt, das sich fur M. ruvescens. 
als ausgezeichneter Nahrboden erwiesen hat. Impft man Fruchtkorper 
von M. virescens auf KartoffeldekQktagar uber, so dchnt sich eine 
Kolonie kraftig aus, die aber zum Teil aus verunreinigenden Bakterien 
besteht, welche jene schltessUch uberwuchem^ wie dies bei Rohkulturen 
gewohnlich der Fall ist. Nicht nur nicht mit Kartofieldekoktagar, 
sondem auch mit andern Nahrboden gluckte es mir nicht^ Fruchtkor* 
perbildung des M. virescens zu erzielen. Mit einem spezifischen 
Nahrboden gelang es mir leicht, ihn zur Fruktifikation zu bringen. 
Auf einem Nahrboden (Tofuagar, der durch Abkochen von Bohnen- 
gallcrte(Tofu)-Ruckstand hergestellt war,“^) wachst er vegetativ schwach, 

' 1) Vgl. hlenu Fugsnote 2. 

Zur Herstellutig von ToAi tBuhneagalltrte, ein gewdhnlich^s NahrungBmiltel in Jat>an) 
werden Sojabobnen zunSchst aerricben und al)gekocht, dann ausgeprevst. Der RUck* 
fttand wird Tofukara (BolinengaUertrilcksUnd; genannt, dessen man sicli aucb ala eines 
Nahrungamittels fUr Pferda, Kaninchen, Kfihe u. a. w. bedient. 

In vurliegender Arbeit nannte icb den mit dieaem Rdekstand hergestellten Nthragar 
der Kdrse balber Toftta^ar, 
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aber Fruchtkorpcrbildung zeigt sich sehr schnell und sichcr. Das sei 
an cinem Beispiel auseinandcrgesetzt. 


Tabelle hi. 

In clcr Tal^ellc bedeutet *4- 1‘Vuchtkfirperbildung. 


N2lliri)odcn 

Myxobak. 

Kartoffeldekokt- 

agar 


Milchagar 

Tofuagar 

1 

Hirschemistagar 

M. ruvescens 
(Stamm 11)* 

- 

1 + 

braun 

1 

I - 

4+ 

fallen- 

formig 

+4 1 

ver- 
blassl ! 

1 

+ 

44 

m 

- 

I 

44 

44 

abgc- 

plattet 

M. ruvescens 
(Stamm I) 

- 

— 

I 

+ i 

1 

! + 

1 

44 

falten- 

fdnnig 


44 

4H 

- 

- 

- 

M. virescens 
(Stamm V) 

- 

- 

1 

- 

1 

44 


44 

klein 

m 

- 

44 

44 

l)raun 

M. virescens 
(Stamm IV) 

- 

- 

j 

"" i 

- 

1 

+ 1 

44 

zerll- 

iessen 

- 

■H 

klein 

j 

_ 

— 

44 

Kulturtage 

8 

8 

15 

i 

3 

8 

15 

3 

^ ; 

16 


8 

15 


* Vgl. Uber dcm Stamm die Angal^en nuf p. 289. 


Aus obiger Angabe lasst sich erkcnncn, dass Tofuagar fiir Myxo 
coccus virescens sowohl als auoh (lir M. ruvescens in Reinkulturen der 
beste Nahrboden ist. Man kann darauf den schwcr zuchtbaren M. 
virescens leicht zur Fruchtkorperdildung auch in Rohkulturen bringen. 
Davon au.sgchend, konnte ich niit dem oben auf p. 280 erwahnten Ver- 
fahren ihn rein gewinnen. Dass dieser Nahrbodcn sich auch fur 
Myxococcus ruvescens als ausgezeichnet erweist, wurdc bereits oben 
gesagt (p. 282). 

IV. Verhalten der Mvxobakterien auf vkrschikdenen 
Nahrboden. 

Im Folgenden will ich mich waiter mit dem Verhalten der beiden 
Bakterien auf verschiedenen Nahrboden beschaftigen, mit besondcrer 
Rucksicht auf die Verschiedenheit sowohl ihrer physiologischen als 
auch ihrer biologischcn Eigentumlichkeiten. 

Gelatine wird durch Myxococcus ruvescens leicht verfliissigt, aber 
durch M. virescens nicht. Impft man diese Bakterien z. B. auf Bouil- 



longelatiiie, so w^hst das vegetative Stabchen von M. virescens kraf- 
tiger als das von M. ruvescens, ohne dabei den Nahrboden zu verfliis- 
sigen. Die Verfliissigung dcr Gelatine l^st sich dagegen bei M. ruves- 
cens innerhalb ciniger Tage deutlich erkennen. Der ausgeschiedene 
Farbstoff der Bakterien ist auch verschieden. Der gelbliche FarbstolT 
von M. virescens zcichnet sich dadurch aus, dass er eine auffallende 
Fluorescenz zeigt. Im durchfallenden Ijcht ist er gelb, im auffallcnden 
IJcht schon griin. Dieser fluoreszicrende Farbstoff bildet sich beson- 
ders in peptonhaltigen Nahrboden.'^ Bei den Kulturen von M. ruves- 
cens scheidet ein hellroter Farbstoff aus, der in Losung keine Fluores¬ 
cenz zeigt. 

Fine noch auffallendere Erscheinung ist die Agarloslichkeit des M. 
ruvescens, die M. virescens ganz fchlt. Die Bakterien, welche die 
Eigenschaft besitzen, Agar zu verfliissigen, sind nur wenig bekannt.®^ 
Vahle hat bereits bei Kulturen von M, ruvescens diese P>scheinung 
beobachtet, ist aber nicht naher darauf eingegangen, hat nur angegeben, 
dass die Kolonie des Myxococcus ruvescens auf Agarnabrboden so in 
den Agar hineinwachst, als ob das Agar an der betreffenden Stelle 
eingcschmolzen ware (p. 188). In der Tat kann man diese Erscheinung 
leicht bei M. ruvescens sehen, der auf den Nahragar in Punktform 
geimpft worden war. ^ . 

Die beiden Bakterien verhalten sich auf Milchagar ganz verschieden, 
und zwar kann man sie nur dadurch voncinander unterscheiden. Impft 
man M. ruvescens auf Michagar in Punktform, so dehnt sich die 
Kolonie kreisformig aus, die ganz diinn und zart, ja kaum wahrnehm- 
bar ist, wahrend dcr Nahrboden durchlassig wird. FAn Beweis, dass 
proteolytische Enzyme vorhanden sind.’^^ Behandelt man M. virescens 
in ganz gleicher Weise auf Milchagar, so bildet der Schwarm darauf 
einen weissen Bclag, der aber allmahlich gelb wird, ohne aber pro¬ 
teolytische Erscheinungen zu erzeugen. Die gelegentlich mit Milch 

O Nach Ackermann <Arch. f. Hyg. Bd. 73, p. 14 • bleibt die Pigmentbildung des Bact. 
prodigiosus auf ciwcisshaltigem. festem Nfthrlxxlen aus: das VerhAltnis ist also hicr 
umgckehri. 

-) Vgl. hierzu H. und E. rringsheiiu, Ol>er die Verwendung vun Agar-Agar als Energie- 
quelle sur Assimilation dcr Luftstickstoffes (Ontralb. f. Bakt. Abt, II, 1910, Bd. XXVI. 
p. 227) und dort weitere Tdteratur. 

^0 Vgl. hierllber Eijkmann, Ober Enzyme be! Bakterien und Schimmclpiltcn. Centralb. f. 
Bokt. 1901, Bd. XXIX, p. 841. 
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odcr Milchagar angcstelltcn Vcrsuche zeigen fcrncr, dass die Lab- 
enzyme vielleicht nur in M. virescens vorhanden sind. 

n 

V. Flussige Nahkmkofen. 

Bei der Anwendung der Dekokte fiir die Bcurteilung ihres Nahr- 
wertes ist es notig, eino bestimmte Konzentration zu verwcnden. 
Deshalb verfahre ich zur Herstellung der Dekokte stets nach Vahle 
(p. 180) folgendermassen: ich koche immer je 5 g des Materials init 
100 ccni Leitungswasser etne halbc Stunde, filtrierc es iind bringe cs 
wieder aiif das Volumen von 100 ccm. 

Da ich oben (p. 281) das Vcrhalten des M. ruvescens auf den ver- 
schiedenen Nahragarboden. die aiis dicsen Dekokten hergcstellt wurden, 
beschrieben habe, so will ich mich hier nur mit den Versuchen mit 
M. virescens in den verschiedenartigen Dekokten beschaftigen. 

Wenn man M. virescens in der Abkochung impft, so entsteht 
zunachst auf der Oberflachc der Flussigkeit eine Ilaut, die aus Stabchen 
besteht. Gleichzeitig findet fast immer Trubimg der Losung und dann 
Niederschlag einer flockigen Masse in der I^sung statt. Endlich tritt 
wieder Klarheit der I^sung ein, die langere Zeit klar bleibt. Bczuglich 
dieser charakteristischen Erscheinung haben Vahle und Kofler auch 
darauf hingewiesen, dass das Klarbleiben der I^sung als Zeichen fur 
die Reinheit der Myxobakterien gelten daif. Nach langercr Zeit wird 
cin Kranz von Fruchtk6ri>ern auf dor llaut, insbcsondcre an ihrem 
Rande, entlang der Glaswand gebildct. 

Mit Ausnahme vom Allium-Dekokt findet FruchtkorjDerbildung in 
alien bereit angegebenen Dekokten statt, besonders deutlich im Heu- und 
Daucus-Dckokt. Das beste Resultat erhielt ich aber auch hier beim 
Tofu-riickstand-Dekokt. 

Nun will ich auf das Verhalten der beiden Bakterien in der be- 
kannten Zusammensetzung eingchen, 

Bei der Erorterung fiber den*Einfluss des Nahrbodens auf Myxo¬ 
bakterien hat Quehl (p. 29) darauf hingewiesen, dass ein geringcr 
Zusatz von Pepton, etwa 1/2 Proz., zu Mistagar ein sehr kraftiges 
Wachstum mit regelmassiger Bildung von Fruchtkorpern ergibt, aber 
bei M. virescens schon durch geringc Menge Pepton die Fruchtkor- 
perbildung unterdrfickt wird. Vahle (p. 182) empfichlt als gfinstige 



286 


Y. Yosmi 


Nahrlosung fiir M. ruvescens 0,2^ige Peptonlosung. Es ist mdglich, 
dass sich die beiden Bakterien gegenuber dem Peptongehalt der Nahr¬ 
losung ganz verschieden verhalten. 

Um einen Oberblick iiber die P>nahrungsverhaltnissc der Bakterien 
zu geben, habe ich niit folgenden vier verschiedenen Nahrlosungen 
Versuche angestellt; 

1. Losung mit 0,6 Proz. Pcpton und 4 Proz, Rohrzucker. 

2. Losung mit 0,6 Proz. Pepton und 0,6 Proz. Rohrzucker. 

3. Losung mit 0,1 Proz. Pepton und 4 Proz. Rohrzucker. 

4. Losung mit 0,1 Proz. Pepton und 0,6 Proz. Rohrzucker. 

Zusatz von 0,1 Proz. MgS 04 und 0,1 Proz. K^IIPO^ zu jeder Losung. 

Es zeigt sich dabei, dass M. rubescens in pcptonreicher Losung, 
besonders bei Zusatz von grosser Menge Zucker vegetativ gut wachst, 
abcr in Losung von gcringer Menge Pepton und Zucker nur kiimmer- 
lich, hier jedoch Fruchtkorpcrbildung kraftig stattfindet. M. virescens 
wachst auch in pcptonreicher I-6sung vegetativ sehr stark, und 
P'ruchtkorper werden in alien 4 Losungen gebildet. Wahrend die 
Farbe der Losung von einer geringen Menge Pepton und von Zucker 
fast farblos bleibt, werden die iibrigen 8 Losungen nach einiger Zeit 
intensitiv gelb. Das be.ste Rcsultat bez. P'ruchtkorpcrbildung erhielt ich 
bei M. ruvescens in der zwiten (|xjptonrcicli und zuckergering) und bei 
M. virescens in der dritten (peptongcring und zuckerreich). M. rubescens 
ist daher eine Pepton niehr liebende Spezies als M. virescens. Hier 
sei daran erinnert, dass proteolytische Enzyme nur in Myxococcus 
ruvescens ausgepr^t erzeugt werden. 

VI. Reaktion des Nahrrodens. 

Bezuglich der Fruchtkorixirbildung darf man auch die Reaktion des 
Nahrbodens nicht ausser Acht lassen. Uber die Wirkung der Satire 
auf die Myxobakterien haben wir nur wenige Arbciten. KruylfT^ gibt 
fur Myxococcus javaensis an, dass die Sporenbildung durch geringe 
Menge von Saurc oder Alkalien unterdriickt wird. Der gleiche Ver- 
such wurde von Vahle (p. 223) mit M, ruber angestellt. Er fand, 
dass M. ruvescens vicl mehr Alkalien als Saure vertragt und keine 

i> KnijlfT, E., Die Lebeosgeschichte von Myxococcus javanensis sp. n. Certtralb. f. Bakt. 

AU. n, 1908, Bd. XXT, p. 885. 
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Friichtkorperbidung beim Saurezusatz stattfindet und nur schwache 
vegetative Entwicklung erfolgt. 

Im Folgenden wird die Wirkung der Reaktion des Nahrbodens auf 
die beiden Baktcrien miteinander verglichen. Die (iit Myxobakterien 
geeigneten Nahrboden, Tofu- und Kartoffeldekoktagar, wurden zum 
Versuch verwendet und die Reaktion des Nahrbodens durch Zusatz 
von Monokaliuniphosphat oder Kalziumkarbonat hervorgerufen. Beziig- 
lich der Fruchtkorperbildung haben die Versuche ergeben, dass es 
sich nicht nur urn die Reaktion des Nahrbodens, sondern auch um 
dessen Eigenschaften handelt. Myxococcus ruvescens bildet Fruchtkor- 
per auf Kartoffeldekoktagar nur bei alkalischer Reaktion, aber auf 
Tofuagar auch bei saurer Reaktion, und zwar findet hier Fruchtkor¬ 
perbildung kraftiger statt. Myxococcus virescens verhiclt sich aber 
ganz anders; Fruchtkorperbildung kommt bei saurer Reaktion nicht 
nur auf Tofuagar, sondern auch auf Kartoffeldekoktagar vor, und bei 
alkalischer Reaktion erfolgt die Fruchtkorperbildung schwach, obwohl 
er vegetativ kraftig wachst. Daraus ergibt sich, dass die Wirkung 
der Reaktion auf die Fruchtkorperbildung in den beiden Bakterien 
ganz verschieden ist und dass daran auch die Eigentiimlichkeit des 
Nahrbodens teilnimmt. Es ist noch hervorzuheben, dass Zusatz von 
saurem Salz zum Tofuagar. auf die Fruchtkorperbildung beider Bakterien 
eine sehr giinstige Wirkung ausiibt, und zwar ist in dieser Losung 
schon nach 3 Tagen eine grosse Mcnge von Fruchtkorpern des schwer 
zuchtbaren M, virescens zusehen. 


VII. Modifikation dek Farbk der Fruchtkorper. 

Wie bereits erwahnt, ist der Farbton der in Rede stehenden 
Bakterien ganz verschieden. Ich habe nicht nur die Vcrschiedenheit 
der Farbe der Fruchtkorper auf Mist, sondern auch ihre Farbverande- 
rung in Reinkulturen beobachtet. Bezuglich der letzt erwahnten 
Erscheinung will ich im Folgenden einige wichtige Beispiele geben. 
Ein roter Myxococcus ruvescens, der auf Milchagar in Punktform 
geimpft wurde, zeigte schon am nachsten Tag an dieser Stelle 
proteolytische Reaktion. Die hellrote Farbe der Kolonie veranderte 
sich allmahlich ins gelbe, und nach 2 Wochen bildeten sich einige 
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gelbe Fruchtkorper am Rinde der Kolonie.*^ Von einer jungeren 
Kolonic, deren Farbe noch rot war, habe ich Stabchen auf Tofu-, 
KartofTeldekoktagar iind Milchagar geimpft. Wahrend die Farbe der 
damit erzielten Kolonie auf den beiden ersten Nahragaren rot blieb, 
wurde ste auf Milchagar allmahlich geJb, Wenn diese Kolonie ganz 
gelb geworden war, impfte ich ihre Stabchen wieder auf Milchagar 
liber, woraus sich auch eine gelbe Kolonie ergab, die aber keine 
Fruchtkorper erzeugte. Ich konnte aus diesen Stabchen aber rote 
Fruchtkorper auf Mist erhalten. 

Nun ein anderes Beispiel mit einem gelben Myxococcus virescens. 
M. virescens, der auf Milchagar geimpft worden war, zeigte schon am 
6. Tage eine schone, gelbe Kolonie. 

Von dieser Kolonic wurden Stabchen auf Milchagar iiberimpft, 
wobei sich gelbe Fruchtkorper bildeten, deren Sporen dann auf satires 
Tofuagar iiberimpft wurden. Nun dehnte sich zunachst eine rote 
Kolonic aus, deren Rand allmahlich einen gelblichen Belag bekam. 
Im Inneren der Kolonie erzeugte sich aber ein Kranz von roten 
Fruchtkoriiern. Nach Impfung dieser roten Sporen auf Mist konnte 
ich wieder die anfanglich gelben Fruchtkorper gewinnen. 

Aus den vorstehenden» Beispielen ISiSst sich erkennen, dass- die rote 
und gelbe Farbe der Myxococcen sich je nach dem Nahrboden 
modifizieren kann. iJberblickt man die Resultate dieser Versuche, so 
bemerkt man sofort, dass Milchagar immer an der Farbveranderung 
teilnimmt und die Baktcrien ihre anfiingliche Farbe auf Mist wieder 
zuriickgewinnen konnen. Die Ursache fiir diese Erscheinung miissen 
weitere Versuche klaren/^ Ich will hier noch ein Beispiel geben, um 
dafur einen Anhaltspunkt zubieten. Kultiviert man M. rubescens in 
den Nahrlosungen von bekannter Zusammensetzung, so zeigen sich 
seine Farbtone als verschieden ; beim Zusatz von reichlich Pepton wird, 

Iinpft man die Baktcrien auf Flattcnagar in Funktform, so dehnt sich die Kolonic 
meist kreisBh'mig aus, und cs wird ein rcgclmSssiger Hexenring von FruchtkOrpern 
gebildet, womuf schon Quchl (p, SO) hingewicsen hat. 

2) Vgl. htersu die Angaben von K. Wolf (ait. nach Zentrolb. f. Bakt. Abt. II, 1910, Bd. XXVI, 
p. 2S48), cr betrachtet die Fartiver&ndcning auch als unvererbbare Modidkation and 
weist untcr anderem darauf bin, dass die rote Farbe bei M. virescens durch Phenol- od. 
Chromatzusata hervorgerufen wird, die gel1)e Farbe l)ei M. ruvescens aber auf onbekann- 
te Grtlnde zurOckzaftlbren ist. 
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ohne Riicksicht auf die Zuckermenge, die Farbe gelblichorange, wahrend 
sie in I^sung von geringcr Menge Pepton immer rot ist. 

Aus dieser Tatsache ist zu vermuten, dass der Peptongehalt der 
Losung dabei cine Rolle spiclt. 

VIII. R.VSSE DES MvXOCOCCUS RUBESCENS UNO M. VIRESCENS. 

Quehl durchsuchte systematisch die Umgebung von Berlin nach 
Myxobakterieri und hat eine eingehende Untersuchung dariiber 
veroffentlicht. Er teilte Myxococcus ruber in 8 Sippen (p. 22) und 
crforschtc deren niorphologische und physiologische Eigenschaften. 

In vorliegender Untersuchung habe ich nicht die verschiedenen 
Spezlen und Rassen der Myxobaktericn zu finden gesucht, wohl aber 
wahrend dieser Versuchc drei Rassen von Myxococcus rubescens und 
zwei von M. virescens rein gezuchtet. Diese kamen aus verschiedenen 
Fundorten und besassen etwas voncinander verschiedene Eigenschaften, 
wie im Folgenden auseinandergesetzt werden wird. 

I. M. rubescens, der auf Hasenmist gefunden wurde ; er stimmt 
mit der von Thaxter aufgestellten Form beinahe iiberein, und ich 
verwendete diesen Stamm zum vorliegenden Versuch mit M. ruvcscens.*^ 

II. Der Stamm, welchen ich auf Affenmist gefunden habe, hatte 
auf Mist eine braunrote Farbe; nach, Reinzuchtung bildeten sich rot 
gefarbte Fruchtkorper. Er ist nicht scharf von 1. unterscheidbar. 

III. Der Stamm kam auf dem Wurzelstiick einer Tanne vor, wie 
bereits auf p. 280 erwahnt. Fruchtkorper sind etwas kleiner als die der 
vorigen Bakterien, zeichnen sich aber dadurch aus, dass die Farbe 
schon hellrot und die Sporen kleiner als die der gewohnlichen Spezies 
sind. 

IV. M. virescens, der auf Hirschemist gefunden war, stimmte 
zicmlich gut mit Thaxter’s Beschreibung iiberein, sein vegetatives 
Stabchen wich aber etwas ab; und zwar war es kiirzer, ja viel kiirzer 
als das von Quehl (p. 18) beschriebene; jedoch mochte ich ihn als 
eine Rasse von M. virescens betrachten. Ich verwandte diesen Stamm 
zum Versuche,*^ 

V. Der Stamm, welcher auf Mist von einem gchaltenen Bar 

U Die vcgelativen Stabchen sind |A Ung, 0,4|ji breit, die Sporen mcbsen l,0-i,2(J. 

a> Stabchen, 0,6-2,0 tJi lang, 0,6 breit, Sporen 1,6-2.1 ja. 
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gcfunden war, hat kleinere Fruchtkori^r von schon gelber Farbe, seine 
Sporen weichen aber nur wenig von denen von IV. ab. 

Ich habe keine naheren Untersuchungen iiber die spezifischen 
Eigentumlichkeiten dieser Rasse angestellti jedoch zeigen sie in ihrer 
Ernahrung schon deutliche Spezialitat, indem eine Rasse auf einem 
Nahrboden Fruchtkorper ausbildet, aber auf anderen nur yegetativ 
wachst. 

Diese Verhaltnisse veranschaulicht folgende Tabelle. 


Tabelle IV. 

In def Tabelle bedeutct -)- Fruchtkdrperbildong. 


-.^Kilhrboaenl j 
Myxobak. i 

Ilirschemist- ^ 
agar 

KartofTel- 

dekoktagar 

\ 

Tofuagar 

Milchagar 

Stamm 
gefunden auf: 

Myxoc<^us 
rubescens 
(Stamm I.) 

- 

4- 

m 

44 

Ilasenmist 

M. rubescens 
(Stamm 11.) 

++ 

44 


44 

Affenmist 

M. rubescen.s 
(Stamm III.) 

— 

1 

+ 



WurzelstUck 

Myxococcua 

virescens 

4+ 


ttf 

+ 

Htrschemist 

( Stamm IV.) 




M. virescens 
(Stamm V.) 

44 

1 ^ 

4H 

44 

Bftrenmist 


Daraus ergibt sich, dass eine Rasse auf dem Nahrboden, von dem 
sie stamnit oder dessen Zusammensetzung ihrem gefundenen Substrat 
nahe steht, leicht und reichlich Fruchtkorper erzeugt. . 

Obwohl die Erklarung dieser Erscheinung noch weitere, eingehende 
Versuche erfordert, kann man jedenfalls schon mit einigem Recht 
sagen, dass die vorhandenen Differenzen zur Aufstelliing der Rasse 
ausreichen. 

IX, ZUSAMMENFASSUNG. 

1) Die hauhg vorkommenden Myxobakterien in Japan sind Myxo- 
coccus ruvescens und M. virescens. Hasen- und Hirschcmist erweisen 
sich als cfgiebigste Fundorte. Die Optimum-temperatur fur Kulturen 
dieser Bakterien ist niedriger, als allgemein angenommen wird, und 
betr^t etwa 26*C, 
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2) In vorliegender Arbeit verglich ich die physiolc^schen Higcntuni- 
Hchkeiten dieser beiden Bakterien. Wahrcnd Myxococcus ruvescens 
leicht gezuchtet warden kann, ist die Reinkultur von M. virescens 
schwer, und zwar kann man ihn auf Kartoffeldekoktagar nicht rein 
bekommen. 

3) Fur Kulturen von M. virescens habe ich einen spezifischen, 
ergiebigen Nahrboden gefunden, auf dem M. virescens gut und leicht 
Fruchtkorper bildet. Dieser Nahrboden erweist sich auch ftir M. 
ruvescens als bester Nahrboden. 

4) M. ruvescens verfliissigt Gkrlatine, M. virescens aber nicht. M. 
virescens zeichnet sich dadurch aus, dass er auf peptonhaltigem Nahrboden 
fluorezierenden, gelben Farbstoff ausscheidet. M. ruvescens zeigt aber 
die bemerkenswerte Eigenschaft, Agar zu verfliissigen, die M. virescens 
fehlt. Das Verhalten der beiden Bakterien auf Milchagar ist besonders 
nennenswert; impft man M. ruvescens in Punktform auf dicsen Nahr¬ 
boden, so zeigt .sich die proteolytische Wirkung deutlich, dagegen 
entwickelt sich bei M. virescens zunachst cin weisser Belag auf der 
Kolonie, wobei kaseinfallende Wirkung zu bcobachten ist. 

5) Die beiden Bakterien entwickeln sich gut in Flussigkeiten von 
bekannter Zusammensetzung, und meist tritt Fruchtk6ri;>erbildung ein. 
M. ruvescens ist einc Pepton mehr liebende Spezies als M. virescens. 

G) Die Reaktion dcs Nahrbodens wirkt auf die beiden Bakterien 
ganz verschieden ; M, virescens kann viel starkere saure Reaktion des 
Nahrbodens vertragen als M. ruvescens, und zwar findet Fruchtkor- 
perbildung in schwach saurem Nahrlxxlen kraftig statt. 

7) Die Farbe der Fuchtkorper der beiden Bakterien kann sich 
auch in Reinkulturen ver^dern, aber sie lasst sich auf bestimintem 
Nahrboden wieder zuriickgewinnen. Wahrscheinlich spielt der Pepton- 
gehalt des Nahrbodens dabei cine Rolle. 

8) Wir mochten die Farbe der Myxococcen noch als eln charak- 
tcrisches Merkoial an.sehcn, obwohl .sie aus unbekannten Griinden 
modifiziert warden kann. Auf Grund der voneinander abweichenden 
Unterschiede in den physiologischien Eigentiimlichkeiten kann man 
sicher die beiden Spezies Myxococcus ruvescens und M. virescens, 
Thaxter beibehaltcn. 




EFFECT OF LIGHT ON THE MOVEMENTS OF 
THE EARTHWORM,* ALLOLOBOPHORA 
F(ETIDA (SAV.). 

By 

' EKITARO NOMURA. 

The present investigation was undertaken at the suggestion of 
Prof. G. H. Parker and was carried on in the dark room of his 
laboratory in Harvard University, during the year 1923 while I was 
staying in Cambridge, Massachusetts, U. S. A. The writer wishes to 
express his deep obligation to him for the free use of the dark room 
and for his deep interest and for the encouragement given during the 
prepress of the investigation. 

The report consists of the following nine chapters: 

Chapter I. The differential influence of light upon fresh and 
tired worms. 

Chapter II. The average limit of the free or random movements 
of the worms. 

Chapter III. The influence of horizontal ligfit of various intensities 
upon the worms. 

Chapter IV. The influence of elevated light upon the worms. 
Chapter V. The influence of flashlight upon the worms. 

Chapter VI. The influence of light upon the worms with the 
brain removed. 

Chapter VII. The axially graded reactions of the worms against 
light. 

Chapter VIII. The influence of light upon regenerating worms. 
Chapter IX. The phototactic antagonism between the brain and 
the ventral nerve cord. General conclusions. 

Chapter I. The differential influence of light 
upon fresh and .tired worms. 

The object of the experiments -was. to ascertain wjiether or not 
under the influence of a constant light the same individual worm 
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would show a constant reaction when it was tested repeatedly. 

For the purpose of investigation an electric lamp of 600 watts was 
used as the light source and four exiDcriments were carried on under 
the influence of a horizontal light at the distances of 1, 2, 3 and 4 
meters respectively from the light source. In each experiment 30 
worms were used and the same individual worm was used four times 
from the first to the fourth trial. In each instance the whole length 
of the body was illuminated (Parker and Arkin, 1901). Just before 
the trials, a \o/q aqueous solution of methylene blue (Hcrms, 1911) 
was applied to each worm and the worm was put at. right angles 
with the light rays; its body being straightened upon a white paper 
which had been previously well moistened (Parker and Parshley, 1911) 
and placed on a glass plate. Methylene blue was good enough to 
stamp precisely the tracks of the worms on the surface of the paper. 

When I was working on Plxperiment I the reactions of the worms 
against the light appeared to me so similar in each individual that I 
was satisfied with the tests of only 30 individuals. The reason for 
limiting the number of trials to only four was that the same worm 
became gradually sluggish in motion at the fifth trial owing probably 
to fatigue and could not crawl out from the given position for a req¬ 
uisite distance. 


The Method Ojf Treating The Data. 

ICach track studied was limited within the circular area of 11 cm. 
radius, the center of which was located at the originating point of 
the crawl or the initial position of the anterior end of the body. 

The state of the changes in the direction of the crawl is expressed 
quantitatively by four angles which were formed by the track of the 
movements of the anterior end of the body. It is to be stated that 
when measuring angles the rays from the light source were presumed 
always to be parallel. The angle between the direction of the rays 
and the»^ given initial position is palled tiie given rntgU^ and in the 
present experiments it forms always 90®. The line of the rays and a 
tangent drawn at any given point of the track form two angles sup¬ 
plementary to each other and one angle which is farthest from the 
initial position of the worm is called the occupied angle* Finally the 
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difference between the given angle and the occupied angle is called 
the moved angle. For example, put a worm at right angles to the 
light rays and let it crawl bat* and occupy a new position (say IBS” 
to the rays), then in thii case 90" is the magnitude of the given angle, 
136* that of the occupied "angle, and the difference between the two or 
46* is that of the moved ahgle. 

If we observe the crawling of a worm it does not progress continu¬ 
ously as for instance a snake does, but makes necessarily a short prog¬ 
ress or step followed by a pause or stop. In summertime usually 


Fig. I. 



A track from Table 1 (No, 9, First trial> 2/3 of natural slue. The direction 
of light rays is represented by the longitudinal lines. starting point of crawl or 
the anterior end of the worm put at the jgiven angle 90®» /'—circular line which 
shbWi the border of the definite area, /L-posterior end of the worm, 114®—first 
angle, 124*’—second angle, 148*<^third angle, 161“—fourth angle, 11 cm.—radius of 
the circle shown by 
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one progress measure^ about 1cm. in .,distance without changing the 
direction and takes 3 or more seconds ijn time. The definitions of the 
four angles which are to express the. changes in the direction of the 
crawl were derived from the above behavior of the worms. The 
occupied angle which was formed by the. first progress stfirting from 
the given position, or by the turning movement [direct as well as 
indirect after a contraction of the anterior end of the body (Mast, 
1911)] is called the first angle. Often a worm showed preliminary 
movements at the beginning of the crawl (Holmes, 1905 and Jennings, 
1906), but the measurement of the first angle was made only after 
the worm described a definite track. The occupied angle which was 
formed by the second progress (or by the successive progresses if 
these made a continuous straight line) is called the second angle. The 
occupied angle near the border of the definite circular area is called 
the fourth angle. Finally the occupied angle which was formed by 
a straight line representing the best of the general outline of the track, 
which lies between the second and the fourth angles, is called the 
third angle. So the first, second and fourth angles are always real, 
while the third angle is sometimes real, sometimes imaginary, repre¬ 
sented by a tangent or a straight line which expresses the probable 
course of the track. 

As an actual example a complete track is shown in Fig. 1, in 
which the moving directions are expressed quantitatively by the fol¬ 
lowing data: 

1st angle 2nd angle 3rd angle 4th angle 
114" 124" 143" , 161" 

The worm body of which was straightened was placed at right angles 
to the direction of the light rays. Before it crawled out a |X>int a was 
marked at the anterior end of the body so that we may know after¬ 
wards from where it began to move. The worm started and made 
the first progress of about 1 cm. away from the light. This portion 
of the track is expressed by the first angle 114". After a pause the 
second and a few successive progresses made the second angle 124". 
The worm progressed for some distance tracing the curve which is 
approximately expressed by the third angle 143", and finally it |xissed 
the marginal line of the definite area making the fourth angle 161". 
So, as a whole, the track* shows a case-of negative phototaxb. 
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The occupied angles were studied statistically. The average of 
these is called the average occupied angle, and the difference between 
the average occupied angle and the given angle the aieragc moved angle. 

In the first column, Table 1, the first angles in the first 
trial are given. In this case 90* is the given angle, 122.47* the first 
average occupied angle, and consequently 32.47* the first average moved 
angle. However we notice that among 30 individuals Nos. 1—5 show 
jx)sitive phototaxis or smaller angles than 90*, while the remaining 
Nos. 6—30 show negative phototaxis or larger angles than the given 
angle, and thus the average value involves the worms whose phototaxes 
were opposite : that is positive and negative phototaxes. The occupied 
angle which expresses the degree of positive phototaxis is called the 
positive occupied angle, and that which expresses the degree of negative 
phototaxis the negative occupied angle. The difference between the 
given and the positive occupied angles is called the positively moved 
angle and that between the negative occupied and the given angles 
the negatively moved angle. 

The positive and the negative occupied angles arc obtained by the 
ollowing formulae ; 


I^Jsilive otnip.od angle 


The sum^of the'occupied-angles 
which show positive phototaxis"* 


A+B 


The sum of the occupied angles 

, which show negative phototaxis 
Negative occupied angle**--- A+'b'^"-- 

where A represents the number of positively phototactic individuals, 
B the number of negatively phototactic ones, and C the magnitude 
of a given angle. 

The average, positive and negative occupied angles arc so related 
that either value can be obtained from the other two. In general: — 

Positive ^ Average t Negative _Given\ 
occupied angle * occupied angle Voccupied angle angle ^ 

^ Average _ Negatively 

occupied angle moved angle. 

Negative ^ Average ,/Given^ Positive \ 
occupied angle "occupied angle"^'angle occupied angle/ 

^ Average . Positively 

"occupied angle‘s moved angle. 
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Average ^ Negative _(Civcn_^ Positive \ 
occupied angle "'occupied angle 'angle occupied angle' 

Negative ^ Positively 
occupied angle moved angle. 

The difference between. the negative and the positive occupied 
angles or the sum of the positively and the negatively moved angles 
is called the absolutely moved angle. This is the average of the abso¬ 
lute values of the moved angles. In general: — 

Absolutely Negative _ Positive 

moved angle occupied angle occupied angle 

^ Negatively , JWtively 
"“moved anglemoved angle. 

Experiments And The Descripiions Of 
The Results. 

Experiment I. The phototaxis was studied by placing the worms 
at a distance of 1 meter from the light source* and the results are 
shown in Table 1. 

Experiment II. The phototaxis was studied by placing the worms 
at a distance of 2 meters from the light source and the results are 
shown in Table 2. 

Experiment III. The phototaxis was studied by placing the worms 
at a distance of 3 meters from the light source and the results are 
shown in Table 3. 

Experiment IV. The phototaxis was studied by placing the 
worms at a distance of 4 meters from the light source and the 
results are shown in Table 4. 

Experiments I, II and IV were carried on during the month of 
August, while Experiment III was carried on during the latter part of 
November. 

In Tables 1-4 the data from each individual worm are given and 
are arranged according to the order of the magnitude of the ffrst 
occupied angle in the first trial. Individual worms afe numbered 
from 1 to 30, and the data on the second, third and fourth trials 
which belong to the same worm. are given along corresponding 
horizontal lines. 

If we examine each individual record in the tables it will be found 
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that in Nos. 18 and 24 in Tabic 1 the magnitude of the corresix)nd- 

ing angles is gradually decreased in the successive trials. Similar 

phenomena arc found in Nos. 7, 8, 0, 11, 12, 14, 15, 16, 17, 19, 20, 

22, 25, 26, 27, 28. 29, 30 in Table 1, Nos. 2, 7, 18, 19, 21, 23, 25, 

29 in Table 2, Nos. 15, 17. 19, 25, 28, 30 in Tabic 3 and Nos. 18, 
20, 24, 25, 29, 30 in Table 4, though in some worms more or less 
irregularities are found. This fact shows that in these worms just 
mentioned when the trial is re[)cated the negative phototaxis at the 
beginning tends to become positive phototaxis. On the other hand, 
however, some worms show an utterly irregular phototaxis esjiecially 
in the experiments which were carried on under the influence of a 
light of comparatively low intensity. 

From the average, ^x^sitive and negative occupied angles which 
were calculated from Tables 1~4, Tables 5 8 respectively were made 
and the data were plotted in Figs. 2-5. 

In Figs. 2-5, the trials are shown on abscissa making an equal 
distance from one to the other successively and the angles are scaled 
on ordinate. The scale at the left side is of the occupied angles and 
that at the right side is of the moved angles. The latter scale 
originates at the given angle 90^ and the one going upwards express¬ 
es the positively moved angle and the other going downwards 
expresses the negativel}" moved angle. The first angles arc denoted 
by the dotted line, the second angles by the chain line, the third 
angles by the broken line and the fourth angles by the full line. The 
average angles are denoted by the thick lines, and the jjositive and 
negative angles by the fine lines. In the.se figures the state of changes 
in the magnitude of the absolutely moved angles in accordance 
with 'the progress of the trial is represented by the interspace between 
the tracings of the corres}xmding positive and negative occupied angles. 
For instance, the interspace between the fine full lines represents the 
state of changes in the fourth absolutely moved angles. 

Let us study in Tables 6-8 and Figs. 2-5 the state of changes in 
the angles in accordance with the progress of the trial. In Experi¬ 
ments I, II and III the. average and the negative occupied angles 
show in general a regular decrease from the first to the fourth trial. 
The magnitudes of the positive occupied angles in Experiment I are 
nearly the same in the first, second and third trials, but decrease 
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more or less suddenly in the fourth trial while those in Experiments 
II and III decrease gradually from the first to the third and tend to 
increase in the fourth. In Experiment IV the state of changes is 
quite different in comparison with the cases of the former three 
experiments and is utterly irregular numerically as is seen in Table 8, 
but in Fig. 6 it is seen very roughly that the positive occupied angles 
tend to increase from the second to the fourth trial while the negative 
occupied angles tend to decrease from the first to the fourth, both 
tracings approaching gradually to the abscissa passing the given angle 
DO® and the corresjxinding positively and negatively moved angles make 
nearly an equal magnitude in each trial and consequently the magni¬ 
tude of the average occupied angles approaches nearly to that of the 
given angle. 

The absolutely moved angles in each experiment show generally 
a regular decrease of the magnitude in accordance with the progress 
of the trial, though some irregularities are found. 

Since in Experiment I, in which the worms were exposed to a 
strong light, the state of changes in the angles or in the degrees of 
phototaxis of the worms is regular and more distinct than in Experi¬ 
ments II and IV which were carried on in the same season as 
Experiment I and in which gradually decreasing intensities of light 
were used, we may state that the degree of irregularities of reaction 
is inversely proportional to the intensity of the light. The discordantly 
strong, negative phototaxis stiown in Experiment III is probably due 
to the difference of the season in which the worms were tested. 
Moreover it is worthy of note that in Experiments I and II the 
difference between the corresponding negative occupied angles in the 
successive trials is generally larger between those in the first and 
second trials than between those in the remaining ones. The same 
tendency is seen also in Experiments III and IV, though there are 
many irregularities. 

Thus far we have shown the changes of tracks expressed in terms 
of the magnitude of the angles. It seems however also important to 
determine more directly the frequency distribution of the worms in 
the circular area at the end of each trial, in order to see how many 
worms jdf^iyled toward the light and how many crawled away from 
it takjni^!|i8® as the starting line. Such data will not only clarify the 
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Table 9. 


Angular sections 

0^-22^ 

2y-6r 

68'‘-H2° 

ii3"-i6r 

168®-180* 




No. 

% 

No. 

% 

No. 

% 

No. 


No. 

W 

1st trial 

10 

D 

10 

3 

3 

1 

17 

5 

60 

18 

1 

2nd trial 

8 

B 

17 

5 

30 

9 

27 

8 

23 

7 

D 

8rd trial 

8 

1 

17 

6 

43 

13 

27 

8 

10 

3 

{-« 

4th trial 

7 

2 

80 

9 

43 

13 

IS 

4 

7 

2 

w 

x 

1st trial 

7 

2 

17 

5 

20 

6 

27 

8 


B 

1 

2nd trial 

3 

1 

30 

0 

27 


27 

8 

13 


1 

3rd trial 

0 

B 

33 

10 

SO 

9 

80 

9 

7 

2 


4th trial 


B 

30 

9 

47 

14 

24 

7 

0 

0 

rt 

K 

1st trial 

3 

1 

7 

2 

17 

6 

17 

5 

67 

17 

S' 

2nd trial 

0 

0 

10 

3 

m 

9 

23 

B 

37 

11 

1 

M 

3rd trial 

8 

n 


3 

B 

14 

27 

B 

13 

4 

• ! 

__ J 

4th trial 

0 

B 

7 

2 

67 

17 

27 

8 


3 

w 

1st trial 

13 

4 

23 

7 

27 

8 


B 

23 

B 

t 

B 

1 

2nd trial 

10 

3 

83 

10 

33 

10 


B 

10 

B 

3rd trial 

8 

1 

SO 

9 

87 

n 

28 

7 

7 

2 

<; 

4th trial 

7 

2 

83 

10 

87 

11 

23 

7 

0 

|_ 


former statements of the angular variation, but still other additional 
physiological factors might be revealed. The results of the determi¬ 
nations are given in Table 9. In the table the angle from 0* to 180’ 
is divided into 6 sections, namely 0®-22“, 23’-67‘*, 68“-112*, 
and 158'*-180‘’ and the number of the individuals who crawled in each 
section was determined and the values are given both in percentage 
and in absolute numbers. We notice at once in the table that in 
accordance with the progress of the trial the number of individuals 
decreases in the section 168*-180® while it increases in the section 
68*-112®. In the section 0®-22*' the state of the distribution shows 
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rather a tendency to decrease the number of individuals from the first 
to the fourth ^rial though there are some irregularities, and it is comnion 
too to each experiment that in the fourth trial the number of individ¬ 
uals is maximum in the section 68*-l]2® while in the first trial it is 
in the section These facts appear to me to show that 

when the worms arc fatigued owing to repeated trials the phototaxis 
becomes indistinct and consequently fails to exhibit a strong photo¬ 
taxis, both positive and negative, making veiy slight alteration from 
the given angle 90“. 

As will be seen in the fundamental tables (Tables 1-4) some 
worms showed the tendency to jx>sitively phototactic movements in all 
experiments. It will therefore be interesting to examine more in 
detail the movements of the ix>sitivcly phototactic worms as the trials 
progress. The number of individuals which crawled toward the light 
or showed occupied angles from 0“ to 89“ is shown in Table 10 b<')th 
in percentage and in absolute numbers. In Exi^eriment I the number 
of individuals at each angle increases in accordance with the progress 
of the trial and nearly similar change is seen in Experiments 11 and 
III, while in Exi^eriment IV the change is utterly irregular. It is also 
recognizable in the table that in Exjxiriment I the jxjrccntage values 
at the third and fourth angles in the fourth trial amount to more than 
half, while at the second, third and fourth angles in the third trial 
and at all the angles in the fourth trial in Experiment II, and at the 
second, third and fourth angles of the first trial, at the third and 
fourth angles in the second and third trials and at alt the angles of 
the fourth trial in Ex^xn-iment IV the percentage value is nearly 
half. The smaller percentage value in Experiment III in comparison 
with the other experiments is probably due to the strong, negative 
phototaxis of winter specimens as already stated. 

I therefore conclude from the above that when the worms are 
exposed to a stronger light the majority of them may become jx)si- 
tively phototactic at the fourth trial, but when the worms arc exposed 
to a weaker light half of them exhibit the positive and half of them 
the negative phototkxis all through the trials. 

We also notice in the fundamental tables some worms decrease 
the magnitude of the occupied angles gradually from the first to the 
" fourth ttAj^^l some to the third and some to only the seamd. These 
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Taiile 10. 


1 

mil 



3rd an^jles 

4th angles 
’ 

■ 







No. 

% 

No. 

w 

1st trial 

17 

6 

17 

6 

20 

6 

23 

7 

n 

•1^ 

2nd trial 

27 

8 


9 

30 

9 

33 

10 

1 

3rti trial 


0 

33 

10 

33 

10 

37 

11 


4th trial 

37 

11 

47 

14 

60 

18 

60 

18 

W 

i 

•1^ 

1st trial 

_ 

7 

2 

10 

3 

23 

7 

so 

9 

2nd trial 

SO 

9 

37 

11 

43 

13 

40 

12 

1 

3rd trial 

87 

11 

47 

14 

63 

16 

60 

16 


4th trial 

47 

14 

47 

14 

60 

16 

60 

16 

M 

H 

1st trial 

17 

5 

10 


10 

3 

13 

4 

1? 

r 

2nd trial 

17 

5 

23 


27 

8 


9 

3rd trial 

17 

6 

37 

i 

27 

8 

27 

8 

pH 

1 

4th trial 

30 

9 

27 

i 8 

27 

8 

33 



1st trial 

37 

11 


1 13 

63 


67 

17 

1. 

2nd trial 

88 

10 

33 



L 

63 

16 

1 

Srd trial 


8 

30 

9 

40 

i 12 

1 

60 

16 

< 

4th trial 

n 

13 

43 

13 

63 

16 

63 

16 


movements appear to be related in an interesting and suggestive 
manner to the inten.sity of the light For the purix)se of determination 
I have enumerated such instances in Table 11. In the table the 
number of individuals which exhibited such movement are shown both 
in percentage and in absolute numbers; that is the worms in whose 
movement the occupied angles decreased from the first to the fourth 
trial are denoted by the formula I>II>III>IV, those which showed 
decrements up to the third by I>II>III<IV, and those up to the 
second by I>II<III^IV. The table shows that (1) the number of 
individuals decrea.ses in accordance with the increase of the distance 
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from the light source or with the decrease of the intensity of the 
light, and that (2) the number of individuals which showed the de¬ 
creased magnitude of angles for 2 successive trials is larger than those 
for 3 trials and the latter arc larger than those for 4 trials. It is 
also to be noted that in Experiments III and IV where the influence 


Table 11. 



I>II<IIIgIV 

T>II>III<IV 

I>II>III>IV 


% 

No. 

% 

No. 

% 

No. 

Ex|)enmcnt I. 

80 

24 

70 

21 

67 

20 

Experiment II. 

78 

22 

40 

12 

27 

8 

Experiment III. 

67 

17 

40 

12 

20 

6 

Experiment IV. 

67 

17 

27 

8 

20 

6 


of the lower intensity of light w^as studied the number of individuals 
which showed the decreased magnitude of angles for only 2 successive 
trials hardly surpassed 60^ of the entire number of cases examined. 

It thus follows from the above that so far as the present experi¬ 
ments go the stronger light gives the worms a tendency to continue 
the decrease of the magnitude of the angles and versa. 


General Remarks. 

As a convenience 1 wish to summarize the statements made in the 
proceeding pages. 

As was noted before, the magnitude of the average angles decreas¬ 
es gradually according to the prepress of the trial in each of Experi¬ 
ments I, il and III. However the number of individuals which 
behaved in the manner just stated is about 27^ in Experiment II 
and 20 96 in Ex^riment III, while in Experiment I it is as high as 
6796 (Table 11). The discrepancies just noted make a definite con¬ 
clusion. 4difficult and we must seek for a satisfactory interpretation in 
some cither factors. For the purpose of discussing such factors as just 
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mentioned we wish to study the changes in the negative and positive 
occupied angles. 

In Tables 6, 6 and 7 it will be seen tjiat the negative occupied 
angles tend to decrease in accordance with the progress of the trial, 
and nearly the same change appears even in Table 8. The data 
given in Table 9 show decisively a similar reaction. From the 
definition the magnitude of the negative occupied angles can never be 
smaller than 90® and at the same time the difference between the 
successive angles is the largest in the first 2 successive trials and 
diminishes gradually in the following successive trials. If we combine 
these facts it follows that the tracings of the corresponding negative 
occupied angles can not be straight lines, but curves which resemble 
hyperbola. 

The changes in the positive occupied angles are too complicated 
to explain briefly. In Table 6 (Experiment I) the magnitude of the 
positive occupied angles is minimum in the fourth trial which of 
course means that the reaction is strongly positive phototactic. This 
fact is clearly brought out in Table 10 (Fourth trial, Experiment 1) 
where the number of individuals is maximum. In Tables 6 and 7 
(Experiments 11 and IH) the magnitude of the positive occupied angles 
is minimum in the third trial while the number of individuals in Table 
10 is nearly maximum in both the third and fourth trials. Further¬ 
more in Table 8 (Experiment IV) we notice that the minimum 
magnitude of the positive occupied angles is found in the second trial, 
yet the number of individuals in Table 10 is nearly equal in eacli 
trial. In the above the fact that the numfxir of individuals is nearly 
constant in successive trials, while the magnitude of the positive occupied 
angles increases, means that the magnitude of the positively moved 
angles decreases in each worm or the positive phototaxis of each worm 
gradually becomes obscure. So the above statement should mean that 
in the majority of the worms the gradual decrease of the magnitude 
of the angles ceases early at the third trial in Experiment IV and at 
the fourth trial in Experiments II and III, while in Experiment I such 
decrement of the angles occurs from the first trial and continues 
throughout all subsequent trials. While I was carrying.on Experiment 
I, it was noted that some individuals, though they previously made 
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the regular change of tracks yet when the fifth trial was made, showed 
an increase of the magnitude of the angles and that in one case after 
a long rest the angle increased almost to 180" indicating an extremely 
strong, negative phototaxfs. We may infer from the above fact just 
stated that even in Experiment 1 the decrease of the magnitude of 
the angles may not continue longer, but on the contrary even an 
increase may take place after a certain number of trials. So my 
conclusion indicates that the magnitude of the jx>sitive occupied angles 
may increase at the fifth or sixth trial in Experiment I, at the third or 
fourth trial in Experiments II and III, and at the third trial in 
Experiment IV, and may become irregular later. 

According to the above statements the magnitude of the negative 
occupied angles decreases in accordance with the progress of the trial 
and approaches gradually to the given angle, while the magnitude of 
the positive occupied angles decreases first and then tends to increase 
thus approaching the given angle. Here it must be recalled that the 
magnitude of the absolutely moved angles also tend to decrease in 
accordance with the progress of the trial. Then the changes in the 
average occupied angles are chiefly influenced by the greater variation 
of the positive occupied angles: that is in compliance with the increase 
of the distance from the light source or with the decrease of the 
intensity of the light the magnitude of the average occupied angles 
decreases during a past of the trial and then tends to approach the 
given angle. 


Conclusions. 

1. If an individual worm is tested repeatedly the general feature 
of the track differs in each trial (See Tables 1-4). 

2. Under the influence of the stronger intensity of the light the 
state of the changes in the tracks is generally regular either when 
te^^ed once or repeatedly, and the more the intensity decreases the 
more the irr^larities increase. 

3. If the worms are tested repeatedly under the influence of the 
higher intensity of the light the majority change from the negative 
phototaxis to the positive, as will be seen from the gradual decreasing 
of the magnitude of the occupied angles which is due probably to 
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fatigue, while under the influence of the lower intensity of the light 
the worms make from the beginning free and irregular movements 
owing probably to a less fatigued condition. 

Chapter IL The average limit of the free or 
random movements- of the worms. 

The primary object of the experiments here was to determine how 
the worms would change the direction of crawl when they were 
released after being exposed to light. 

For the puq^ose of investigation a 600 watts electric lamp, as the 
light source, was put in an iron box, on one side of which there was 
a hole. An iron plate was made to slide up and down over the hole, 
so that when it was lifted up the light rays would pass through the 
hole and illuminate each worm laterally, but when it was put down 
it would shut off* the light cjuickly. 

After the treatment with methylene blue just as in Chapter I, the 
worms were at first exix)sed to the light at a distance of 2 meters 
from the light source, the intensity of which was equivalent to about 
100 meter-candles, and then the light was shut off quickly. The 
darkness in the experimenting room was such that when the eyes 
were trained the outlines of the white paper could be dimly seen. 
The various angles which determine the track of the worm were 
determined in the same way as in Chapter I taking the electric lamp 
as a fixed position. 

The worms were placed at different given angles against the light 
source ; that is at 0^ 46", 90", 135" and 180"; 0" means that the an¬ 
terior end of the worm was faced toward the light. The effect of the 
light at each given angle was determined from the study of 100 fresh 
worms, which were tested individually. Half of the worms were 
tested in tlie middle part of June and the remaining half in the latter 
part of July, However it was found that the results from both 
experiments were nearly the same, so these two data were treated as 
one. * 

In order to study how the worms crawled forward from the given 
angle, or from the given direction, the frequency distribution of the 
worms at any given angle was determined. It is evident that wher- 
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ever the worms move round they necessarily occupy the area which 
can be expressed by the angles from 0® to 180®. For this reason the 
field of movements was divided into 6 angular sections, namely 0®-22®, 
23®~67®, 68®-112®, 113®-167° and 168°~180® and the number of indi¬ 
viduals found in each section is given in Table 12 expressed in 


Table 12. 
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percentage value. The sections which give the maximum frequency 
are called conveniently the maximum sections. The following 3 facts 
may be seen in the table. 

1. At the given angle 0° the majority of the worms move slightly 

from the given direction *Similarly at the given angle 4r)“ 

the majority of the worms remain at 45° or move slightly from the 
given direction (23°-G7°). The same rule seems to hold also at the 
given angles 1)0°, 135° and 180°. In general, the majority of the 
worms tend to remain at any given angle and the frequency tends to 
be smaller in both directions from the maximum section. 

2. At the given angle 45° the number of individuals found in the 
section 0°-22° is nearly equal to the sum of the worms found in the 
sections 68°~n2°, 113°-157° and 158°-180°, at the given angle DO"* the 
sum of the worms in the sections 0°-22“ and 23"-G7° to that in the 
sections 113°~167° and 158°*-! 80°, and at the given angle 135° the sum 
of the worms in the sections 0°-22°, 23°--(>7° and 6H°-112° to the 
number of the worms in the section 158°-180°. At the given angles 
0° and 180° the number of individuals on both sides of the given 
position is assumed to be ecjual. So all the above relations c)ught 
merely to mean that the probability of movements of the worms from 
the given position is the same on both sides, left and right. 

3. In the maximum section the second angle gives the maximum 
number of individuals in 4 cases out of 5, while the second angles in 
both .sides of the maximum section give the minimum number. This 
means that the comparatively large, first moved angle was decreased 
at the second moved angle as the worms turn toward the given 
original direction. A similar behavior of the movement ap[Xiars even 
in a lighted room ; that is to say many worms show a strong tendency 
of change of direction either toward or away from light at .tire first 
progress which is soon followed by restoration of the given original 
direction at the second progress. A similar statement usually applies 
to those worms which were placed at 0°. 

In Table 13, the occupied angles are arranged on the left side and 
the ttiovcd angles on the right. The position of the electric lamp was 
taken as the fixed position and the angles which moved away from 
this fixed position are denoted by - sign and the others represent the 
angles which moved toward the fixed .position. (It is to be noted here 
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Tadle 13. 




(])ccupicd angles 



Moved angles 



Given 









angles 

1st • ' 2nd 

3rd 

4th 

1st 

2nd 

8rd 

4th 



angles ; angles 

angle.s 

angle.s 

angles 

angles 

angles 

angles 



in degr. j in degr. 

in degr. 

in degr. 

in degr. 

in degr. 

in degr. 

in degr. 

> 


22.99 ! 22.87 

1 

26.61 

28.24 

-22.99 

-22.87 

-26.61 

-28.24 

i 

46" 

46.93 42.87 

42.73 

44.86 

-0.93 

' 2.63 

2.27 

0.14 

1 


91.89! 88.89 

. 

87.99 

89.68 

^1.89 

1.11 

2.01 

0.42 

in6" 

186.68 184.89 

134.96 

133.82 

-0.66 

0.41 

0.04 

1.18 


ISO" 

169.62 j 166.43 

160.78 

168.73 

20.48 

13.67 

19.22 

21.27 



(».00 i 0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 


45" 

.17.86 1 37.69 

36.23 

33.97 

7.14 

7.41 

_ _ 

9.77 

11.03 

s 

1 

o' 

00" 

80.49 I 80.7S 

! ! 

78.03 

1 

76.89 

9.61 

9.28 

11.97 

13.11 

136" 

127.91 ; 129.28 


123.83 

7.09 

6.77 

10.10 

11.17 


ISO" 

169.62 ! 166.43 


168.78 

20.48 

mm 





22.99 j 22.87 

25.61 

28.24 

-22.99 

-22.87 

-26.61 

-28.24 


46" 

63.07 j 49.78 


66.89 

-8.07 

-4.76 

-7.60 

-10.89 

o 

■a 

101.40 ! 98.17 

1 1 


102.69 

-11.40 

-8.17 

-9.96 

-12.69 

1 

136" 



1 144.99 

-7.64 

-6.86 

-10.06 

-9.99 

1 









1 

180" 




0.00 

0.00 

0.00 

0.00 


that the formulae on pages 297 and 298 are in regard only to the absolute 
values of the angles). When the wonns were put at the given angle 
0®, the positive occupied angles must be equal to 0" and consequently 
the average occupied angles must coincide with the negative occupied 
angles. At the given angle 180® for the same reason the negative 
occupied angles must be equal to 180® and consequently the average 
occupied angles must coincide with the positive occupied angles. 

From Table 13, Fig. 6 was plotted. In this figure the first to the 
fourth angles are shown in abscis.sa and conveniently are plotted in 
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-an equal distance from one another and the magnitude of the 
occupied angles in ordinate, l^ach tracing of the average occupied 
angles is denoted by the full line and those of the [Xisitive (ui>i>er) 
and negative (lower) occu})ied angles by the broken lines, taking the 
value of the given angle as the starting point. The interspace between 
the tracing of the ix)sitive occupied angles and the abscissa passing 
the given angle expresses the positively moved angles, the interspace 
between the abscissa and the tracing of the negative ixcupied angles 
the negatively moved angles and consequently the interspace between 
the corresponding positive and negative occupied angles the absolutely 
moved angles. At the given angles 0° and 1 SO** thtr interspace between 
the abscissa and the tracing of the average occupied angles expresses 
directly the absolutely moved angles. Since at the given angles 0" 
and 180® the average moved angles are identical with the absolutely 
moved angles and hence they must be e(]uivalent in nature with 
the sum of the positively and negatively moved angles in comparison 
with the cases at the other given angles, each average moved 
angle at 0® is therefore comparable with twice the corresponding 
negatively moved angle at other given angles, and similarly at 180® 
with twice the corresponding jxisitiv^ely moved angle at other given 
angles. 

The following facts may be seen in Table 18 and Fig. 6. 

1. At the given angles 45®, 90® and 185® the magnitude of the 
positively moved angle is nearly equal to that of each corresponding 
negatively moved angle. This fact shows that in a dark place the 
worms can crawl equally toward cither the left or the right side from 
the given direction. The same movement should occur unquestionably 
at the given angles 0® and 180® and therefore the fact coincides with 
the second fact given in Table 12. 

2. At the given angles 46®, 90® and 185® the magnitude of tiie 
average occupied angles are nearly equal to tlie magnitude of the 
given angles respectively. The same relation should be shown at the 
given angles 0® and 180®, if we assume that the worms made nearly 
the .same amount of lateral deviation which is negative at 0® and 
positive at 180® and the averages of resixictive values are taken. 

3. In spite of the different niagnitude of given angles the state 
of changes in the absolutely moved angles is nearly the .same (See 




Fig. 6). 1 
at various 
amount of 
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showing that the influence of the initial illumination has very little effect. 

4. At each given angle tlie magnitude of tlic absolutely moved 
angle is decreased at the second and then is iiici cased at the third 
and fourth. The same change is seen in both positively and nega¬ 
tively moved angles at the corresiK^nding given angles 45'*, and ]^15^ 
This fact coincides with the third fact given in Table 12. 

5. The positively and negatively moved angles show a deviation 
from the given direction in a dark place after the worms were 
influenced by the horizontal light. I'he awrage deviation at the 
first angle is i9.43^ that at the .second angle '^7.72’, that at the 
thin! angle j: 10.‘12'’ and that at the fourth angle 411.84°. For 
the purpose of comparison I have carried on another experiment 
in which the light was placed right overhead (Flevation angle 
Cdiapter IV). The object of the experiment was to determine how 
the worms will crawl when allowed to crawl from the beginning 
in either a dark room or a light room under the isodynamic influence 
of light. Altogether 75 worms were te.sted and the following results 
were obtained : J:5.53° at the first angle, 4-;o.h7‘* at the second angle, 
±8.73® at the third angle and ± 12.51® at the fourth angU*. We thus 
notice that the first angle of deviation in the experiment w hich wms 
carried on under the. influence of the horizontal light is larger nearly 
±4.00° on the average than that in the experiment Avhich was carried 
on under the overhanging light. The difference may be due to the 
effect of the horizontal light at the beginning of tlic tests, the intensity 
of wdiich is nearly 100 meter-candle.s. The data appear also to show 
that the effect produced by the horizontal light at the lirst angle ought 
to influence the sub.sequcnt movement of the worms. Hut such influence 
is .small and does not surpass 2.00° in angular value. So the move¬ 
ment of the worms after the second progress may be considered as a 
free or random movements in either c.xperimeiit. The fourth .mglo 
of deviation from the former experiment is ±11.84° and tlvit from 
the latter o.xperiment is ± 12.51®. The result show the near identity 
of the magnitude of deviation, and judging from thi.s close .similarity 
the deviation in the second and third angles which amounted to 2.00 
may be considered as due to the difference in nature of the c.xpcri- 
ments in two cases; that is in the case where the \vorms wxm'c illumi¬ 
nated from above it produces a relatively smaller change in the second 
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and third angles compared with the case of the horizontal light, but 
at the fourth angle both give random movements thus producing 
greater similarity in the v^alues or in round figure ±12®. 

In the present experiment the worms must be influenced als<.i by 
the radiating heat from the light source. Naturally all data in Tables 
12 and 13 arc directly applicable to the cases of the thcrmota.vis of 
the worms, and the datri reveal that the thermotaxis was not pronounc¬ 
ed in such a slight difference of temperature as in this experiment, 
thought according to Smith’s experiments (1902) the negativ^e ther- 
inotaxis of the worms is nearly decisive against either the higher or 
the lower temperature than the ordinary. 


Conclusions. 

1. W hen the worms started to crawl in the dark place, after 
being .stimulated by the horizontal light, the difference of the given 
angles gives \^ry slight effect. 

2. Each worm can deviate equally toward either the left or the 
right side of the given position and if it shows a strong deviation at 
the first progress, then at the second progrejss it restores the initially 
given direction. 

3. At least at the first [)rogress of the crawl, the worms are 
influenced by the removed horizontal light. 

4. The average deviation in the random movements of the w'orms 
is nearly ±12.00" at the fourth angle or at the distance of 11 cm. 
from the .starting point. 

5. The thermotaxis of tlie worms was not pronounced in the 
present exj)erimcnt. 


Chapter III. The influence of horizontal light of 
various intensities upon the worms. 

Harper (1905), working on Perichacta bermudensis and a species 
of Lumbricus, concluded that in light of comparatively low inten.sity 
wontis make several random movements, but in direct sunlight, espe¬ 
cially if the worm.s have previously been kept in darkness, random- 
movements are almo.st entirely eliminated, while Adams (1903) says- 
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that “ Allolobophora foetida is positively phototropic toward an electric 
incandescent lamp of O.OOll candlc-mcter intensity.” In my work in 
Experiments I, II and IV in Chapter I, it was indicated that the 
negative phototaxis gradually is pronounced with the increasing inten* 
sity of light. The object of the present ex[3eriments was to ascertain 
the fact just mentioned more in detail and to know if jx^ssible the 
true phototactic movements of the worms. 

For the pur^x^se of investigation an electric lamp of 600 watts was 
used as the light source and four exj^iriments were carried on under 
the influence of the hori^sontal light at each distance of 1, 2, 3 and 
4 meters from the light source. In each exi>eriment a number of the 
worms were put at the given angles 0®, 45“, 90®, 136® and 180®. 
Each worm was brought out newly from a reservoir and Avas treated 
with methylene blue as in Chapter I just before the trial. 

The measurement of the angles was at first made in the .same 
way as in Chapter 1, but since the result from each angle in tracks 
has shown the same tendency of conclusions, in the pre.sent chapter 
the result from the fourth angle alone is stated to avoid the repetition 
of the same statements. 

Experiment I was carried on at a distance of 1 meter from the 
light source in the earlier imrt of August. Altogether 250 worms 
(50 worm.s at each given angle) were used in the cxtx;riment. 

Experiment II was carried on at a distance of 2 meters from the 
light source. 100 worms were used at each given angle, the half of 
which were used in the latter part of June and the remaining half in 
the middle of July. Since the results obtained from both experiments 
were nearly identical they were united into one. 

Experiment III was carried on at a distance of 3 meters from 
the light source in the latter part of July. 50 worms were used at each 
given angle. 

Experiment IV was carried on at a distance of 4 meters from 
the light source in the earlier part of August. 60 worms were used 
at each given angle. 

For the purpose of comparison the data from the above ex|x.‘riments 
and the data which were given in Chapter II were gathered together 
in Tables 14 and 15. 

In Table 14 the frequency distribution of the worms is .‘^hown in 
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percentage value at each given angle eind at each distance from the 
light source. The table consists of two parts, one the distribution of 
worms and the other the phototaxis. In the part of the distribution 
of worms the field was conveniently divided into 4 angular sections, 
viz. 0”-4r)", 4r>"--90“, 9r-135’ and 130-180“. In the part of the 
phototaxis those worms which showed similar phototaxis was gathered. 
To judge the phototaxis of each worm, the principle which was given 
on “ the average limit of free or random movements ” in Chapter II 
was applied ; that is those individuals which deviated Within ±24® 
from the given direction at the given angles 0® and 180° respectively 
and within ±12° at each of the given angles 45°, 90° and 135° were 
taken as indifferent.” For instance, at the given angle 90®, when 
the worms were tested at a distaticc of 1 meter from the light source, 
8 positively phototactic individuals showed smaller occupied angles 
than 78° (90®-12°) and 80 negatively phototactic individuals larger 
occupied angles than 102° (90°± 12®) while the rem lining 12 indifferent 
individuals showed occupied angles in the limit from 78" to 102°. At 
the giv'en angle 0° the number of individuals which showed indifferent 
phototaxis naturally coincides with that of the [lasitive ones and at 
the given angle 180° with that of the negative ones. 

At the given angle 90°, in the part of the distribution of worms 
we notice that the number of individuals at a distance of 1 meter 
from the light source is maximum in the section 13fi°-180°, and it 

T.\blk 14. 


GUen 

anj^les 

Distances 
from the 
light 
source 

0-46" 

Mstril Jilt ion of 

46°-90” 191 °- 

! 

worms 

-ise'lise'-iso” 

Positive 

Phototaxi?* 

Indiffer¬ 

ent 

Negative 


1 m. 

68 

12 ! 

6 

14 

52 

48 


1 2 ni. 

70 

20 

r, 

5 

00 

52 

0" 

3 m. 

62 

1 ^ ' 

4 

6 

CO 

40 


4 m. 

74 1 

1 

4 

4 

56 

44 

1 i 

Dark place 

80 

; 18 1 

2 

0 

54 

46 
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1 m. 

32 

22 

10 

36 

22 

18 


60 


2 in. 

30 

36 

15 

It) 

19 

21 


60 

45» 

a in. 

4.S 

20 

12 

20 

24 

32 


44 


4 in. 

44 

.32 

14 

10 

26 

36 


38 


Dark place 

69 

36 

4 

1 

38 

33 


29 


1 111. 

4 

8 

34 

54 

8 

12 

80 

2 111. 

2 

22 

32 

44 

15 

19 


66 

00’ 

S in. 

10 

22 

26 

42 

28 

10 


62 

I 4 m. 

14 

22 

38 

26 

34 

8 


68 

i Dark place 

i 

11 

40 

40 

0 

34 

34 


32 

i 1 m. 

1 

0 

4 

! 

80 

6 

16 

i __ 


78 

1 2 in. 

0 

i 3 


j 

76 i 

I 

16 

16 

■■ 

68 

12(1" 

j ni. 

0 

' ^ 

; 10 j 

84 I 

1 . 1 

14 

14 ! 


72 

4 m. 

n 

I 6 

' 22 

70 

22 

28 


50 

1 

j Dark place 

0 

! ^ 

1 ^ 

! I 

48 

32 

36 


32 

‘ 1 in. 

1 » 

i 0 

I 

i 8 

92 

22 

78 


, 2 in. 

1” 

! « 

i 6 

94 

20 

74 


00 

o 

j 3 m. 

L " 

L 

8 

92 

26 

74 


4 m. 

i " 

L_i_. 

i 8 

88 

28 

72 


j Dvirk place 

1 « 

1 I 

10 

89 

39 

61 



decreases with the decreased intensity of h\;ht while in other sections 
the number of individuals tends to increase willi the decreased intensity 
of lij^ht till in a dark place the sum of individuals in the sections 
and 4(r'-90‘* is nearly equal to the sum of individuals in the 
sections and 136°-180®; and in the part of the phototaxis it 

IS seen that the number of the ne^^atively phototactic individuals 
decreases while that of the positively phototactic ones increases in 
accordance with the increase of the distance from the light source, 
till in the dark place each number balances. Nearly the same change 
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is seen also at the given angles 45* and 135*. These facts show that» 
at the given angles 45®, 90* and 135®, with the decreasing intensity 
of light the number of the negatively phototactic individuals decreases 
and in the dark place it becomes equal to the number of the positively 
phototactic individuals, and that when the worms were put under the 
influence of the stronger light many of them arc forced to show a 
strong negative phototaxis while under the influence of the weaker 
light the worms cease to show a strong phototaxis. 

At the given angle 0*, in the part of the distribution of worms it 
is seen that the number of individuals which crawled into the sections 
91*-135® and tends to decrease with the decreased intensity 

of light, while the number of individuals found in the section 0*-45* 
tends to increase with the decreased intensity of light, and the numbers 
of individuals in these sections appnDximate tt> those found in the test 
of the random movements which was carried on in the dark place ; 
and in the part of the phototaxis it is seen that the number of 
individuals which showed the negative phototaxis is nearly equal to 
the sum of the indifferent and ix)sitively phototactic individuals. These 
facts show that at the given angle 0* nearly the half number of 
individuals crawled indifferently near the given direction in spite of 
the different intensity of light, though the worms which showed the 
strong negative pluitotaxis decreased following the decreased intensity 
of light. This movement of the worms just stated seems to me very 
remarkable and seems to suggest that when the worms are put toward 
the light, some of them may show the positive phototaxis. Tlie same 
phenomena may (x:cur even at the given angle 45®, especially under 
the influence of a strong light, for the number of the positively photo¬ 
tactic individuals is greater in comixirison with that at the given angles 
90* and 136*. 

At the given angle IHO*, in the part of the distribution of worms 
it is seen that when the worms were put at the distances of 1, 2 and 
3 meters respectively none was in the section 46*-*90*, though at 4 
meters and in the dark place a few worms were found there; and in 
the part of the phototaxis it is seen that the decreased intensity of 
light gives a smaller number of the negatively phototactic individuals 
and in turnjncreascs the number of the positively phototactic individuals^ 
and the numbers approximate to those found in the test of the random 
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movements which were carried on in the dark place. These facts 
show that when the worms were exposed to the strong light many 
of them were forced to crawl nearer the given direction, while under 
the influence of the weaker light they moved freely even toward the 
light. 

Another exioeriment was carried on in the same dark place which 
was used in connection with the experiment in Chapter II. RO worms 
were brought out from a reserxoir and were put together in a glass 
l)ot, in which the>' coiled into a mass. After the room was made- 
dark, a few drops of the .solution of methylene blue were dropped on 
the mass and then the glass pt)t was upset to put the ma.ss of the 
worms on the middle of a large pa]X!r which was previously well 
moistened. 20 warms crawled out toward the liglit .source forming 
groups of two or three worms and 7 w(^rms crawled awaj' from it, 
while 23 worms remainctl in the mass. Since the closure of the light 
source was not perfect, the result from the ex|x:riment might be 
considered as the case that the worms were positively phototactic to 
the faint light. The mo\ement just stated, howexer, must be only 
one case of random movements becau.se under the same condition the 
worms can move equall}' toward and away from the light source as 
was already .stated in Chapter II. Hess (1924) sa)’s on observing the 
fir.st movements of the anterior end of the body of Lumbricus terrestris 
under the influence of a horizontal light of 0.0011 H metercandles that 
he could confirm the results obtained by Adams (1903). ^According 
to his table, however, the frequency of movements toward the light 
was 50.15 w^hilc that of movements away from it was 43.86^. 
This feet seems to me rather to show that the worms made random 
movements under the influence of the faint light wliich was used b\’ 
Hess. 

Summarizing the above statements it seems to be true that under 
the influence of a comparatively low intensity of light the worms can 
make several random movements, however that the number of indi¬ 
viduals which change the phototaxis to the negative increases as the 
intensity of the light becomes stronger. 

In Tabic 16 the occupied angles are gathered on the left and the 
moved angles on the right side. In the moved angles those values 
with " sign denote that the worni.s moved away from the light and! 
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the others toward it. The value of the angles which were obtained 
from the experiment in the dark i>lace are taken as the average limit 
of the random movements discussed in Chapter II. 

At a glance at the table it is seen in each set of the occupied 
angles that a greater tlistance from tlic light source tends to decrease 
the magnitude of the occupied angle till the value approaches that tT 
the random movements. This fact shc^ws that the increased intensity 
of light tends to exaggerate the negative ])lK>totaxis of the worms, 
and in terms (T moved angles the fact is expressed thus : the decreased 


Table 15. 
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intensity of light decreases the magnitude of the negatively moved 
angles and in turn increases that of the positively moved angles till 
these values approach those given in the random movements. It’ 
follows then that when the worms arc influcncerl by the horizontal 
light they tend to occupy larger negatively and snjaller iK)sitivcly 
moved angles than in the case of the random movements. 

Hereafter the positix'el)’’ or the negatively moved angle in the dark 
phice (±12", see Chapter II) is called the positive or the negative 
random angle and is denoted by r to distinguish it from the positively 
or the negatively moved angle in the light which is denoted by pm 
or nm (in absolute values) respectively. The difference between the 
positive random and the iM)sitivcly moved angles (r—////) is called 
the positive forced angle and is denoted by pf^ and the difference 
between the negatively moved and the negative random angles [nm - /') 
is called the negative forced angle and is denoted by nf. So the 
relations between those angles may be expressed by the equations: 

r—pm—pf 
and nm-'V^nf, 

Let us .suppose now' that in the dark place the degrees of ^K)sitive 
and negative phototaxis of the worms are balanced, but in tlic light 
the balance is no longer kept and the degree of positive phototaxis 
becomes wcakend while that of negative phototaxis becomes strength¬ 
ened. The weakened degree of jxxsitive phototaxis is expressed by 
the |X)sitive forced angle pf and the strengthened degree of negative 
phototaxis by the negative forced angle ///'. For an actual example, 
at the given angle 45" and at the distance of 1 meter the average 
moved angle is 49.40", the positively moved angle 6.84" and the 


negatively moved angle 66.24". Then 

12.00"-^6.84"=6.16"^//..I 

nm - 56.24" -12.00" =. 44.24" ///:.II 

Add I and II. Then we obtain 


nm •— pm =66.24"—6.84"=44.24" -f 5.16"= nfy-pf 
or nm —• pm =49.40"=49.40"= nf-^r pf 

According to the definition nm--pm is the average moved angle 
or 49.40" and it is equal to nf-ypf Hereafter nf^rPf\^ called the 
erverage forced angle and is denoted by af So in this case the average 
moved angle is directly the average forced angle. The same relations 
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between the anj^les are found also at the given angles 90® and 135®. 
Since at the given angle 0" the jx^sitive random and the positively 
moved angles are 0®, only the equation //;// — /'—;////—24 ®jss///* can exist. 
For the same reasons at the given angle ISO® the equation 
24®—alone remains. 

The average, positive and negative forced angles calculated from 
Table 15 are gathered together in Table 10. In this table, since at 

Table 16. 


Given 

angles 

1 m. 

2 

■ 

.3 lu. 

4 m. 

Dark place 



in <legrces 

in tlegrces 

in dejjrees 

in degrees 

in degrees 

> 

0 

21.34 

15.83 

10.42 

9.84 

0.00 

1 

46" 

49.40 

86.08 

25.68 

17.86 

0.00 

5 

90" 

47,04 

37.46 

26.48 

14..‘.’6 

0.00 

ii 

(n 

136" 

26.92 

20.18 

16.70 

4.42 

0.00 

7 

180" 

8.76 

7.80 

4.74 

.3.86 

0.00 


0" 

0.00 

(».00 

0.00 

0.00 

0.00 

n 

45° 

6.16 

5.86 

.3.26 

.3.04 

0.00 

? 

i 

90° 


7.65 1 

2.06 , 

000 

0.00 

ta 

7 


8.62 j 

6.26 ' 

5.46 

0.42 

0.00 

180° 

8.70 

7.80 i 

4.74 

3.86 1 

0.00 

y, 

i 

rt> 

<* 

n 

1 0° 

21.34 

16.83 i 

1 1 

10.42 

1 9.84 

0.00 

46° 

44.24 

29.28 { 

22.42 

; 14.82 

0.00 

5* 

i 

90° 

39.62 

29.91 

23.42 

14.36 

0.00 

186° 

, 18.40 

18.98 

11.24 

4.00 

0.00 

1 

j 180° 

0.00 

0.00 

0.00 

0.00 

0.00 


the given angle 90® and at the dist£ince of 4 meters the magnitude of 
the positively moved angle surpa.sses that of the positive random angle, 
the positive forced angle at that pc^t is conveniently made 0®. It is 
seen in the table at a glance that the magnitude of either the average. 
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positive or negative forced angle decreases in accordance with the 
increase of the distance from the light source till it becomes 0®. 

Since some discrepancies are found among the positive forced 
angles, it will be advantageous for us to study at first in the following 
pages the changes in the average and negative forced angles and then 
we will attempt to interprete the meaning concerning the state of the 
changes in the iK)sitive forced angles. 

To study differential reaction of the worms against the horizontal 
light of constant intensity but at different given angles, Table 17 was 
made from Table IG. For the convenience of investigation, each 

Table 17. 




1 n\ 

2 in. 

3 m. 

4 in. 

averages 

Ratios 
average 
those at 
as 

0® 

__ 

1.00 

1.00 

o 

o 

1.00 

1.00 

45® 

2*32 

2.22 

2.48 I 

1.82 


[between 
forced at 
0® being 
the unit. 

flO" 

2.20 

2..87 

2.46 

1 

1.46 

mm 

136® 

1.26 

1.27 

1.61 ; 

0.46 

1..88 

S'?-- 

-- 

- 

-- 

. — 

— 

-- 

S'5 f 

180“ 

0.41 

0.49 

0.46 1 

0.39 

0.45 

Ratios 
negative 
tho^ at 
as 

0® 

1.00 

1.00 

1.00 

1.00 

1.00 

46® 

2.08 ' 

1.84 

2.16 ! 

1.50 

2.02 

M „ 3 

90® 

1.86 1 

1 1.91 

2.23 

1.46 

2.00 

135® 

0.86 

j 0.88 

1.08 

0.41 

0.94 

S- ^ ? 

o Jr n 

1 

0.00 1 

0.00 

0.00 

0.00 

0.00 


average or negative forced angle at the given angle 0® was preferred 
as the standard of comparison, and the ratios between it and the 
corresponding angles at other given angles were calculated as are 
shown in the table. It is seen in the table that the worms react 
against a light of the same intensity most feebly at the given angle 
180® and most strongly not at the given angle 0® as might be antic¬ 
ipated but at 45® and 90®, and that at the same given angle the 
ratios are nearly equal in spite of the different distances from the light 
source, except at the distance of 4 meters where the ratios ace com- 
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paratively small owing probably to the less intensity of the light, for 
under such a condition several random movements of the worms might 
occur. For this reason the values given in 4 m. arc not included in 
the average shown in the same table. The average ratios between 
the average forced angles may be taken irrespectively with light 
intensity as the probable definite ratio of the degree of negative photo- 

TviiLE 18. 



1 in. 

2 m. 

.3 in. 

4 m. 

Dark place 

Ratios 
average 
those a 
made 

46" 

1.36 

1.41 

1.00 

1.00 

().C6 

0.73 

0.G3 

. 

0.61 

0.00 

0.00 

1/1 Cj ^ 

C * p 3 

2. 0“^ 

00“ 

1.26 

1.00 

0.6K 

0.48 

0.00 

136" 

1.33 

l.OO 

0.83 

0.22 

0.00 

■ iTi 

180" 

1.11 

1.00 

0.61 

0.49 

0.00 

51,1 

im 

0’ 

1.36 

1.00 

0.66 

0.63 

0.00 

46" 

1.61 

1.00 

0.77 

0.61 

0.00 


1..31 

1.00 

j 0.78 

0.48 

0.00 

rs- » 2: 

5 p T <0 

136 " 

1.31 

1.00 

1 0.81 

1 0.29 

0.00 

Average ratios 

1.33 

1.00 

0.73 

0.47 

0.00 


taxis at the given angles, when compared with the degree of negative 
phototaxis at the given angle ()**. 

To stud}^ differential reactions of the worms against the horizontal 
light of various intensities at any given angle, Table 18 was made 
from Table 16. For the convenience of comparison, the average or 
the negative forced angle at a distance of 2 meters was preferred as 
the standard. For this purpose 100 worms were used at each given 
angle in the experiment and thus the results arc most reliable, h^ch 
ratio between the standard and the corresponding angle at another 
distance was calculated and is arranged together in the table. Since 
the ratios of the negative forced angles at the given angle 180“ are 
indeterminable, they are omitted in the table. It will be seen in the 
table that the shorter distance from the light source or the stronger 
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intensity of light causes the stronger negative phototaxis of the worms, 
and that the same distance gives nearly equal ratio or reaction irre- 
s|)ective of the given angles. The average ratios which are shown in 
the same table may be taken as the probable defmite ratio of the 
degree of negative phototaxis at the distances of 1, 2, 3 and 4 meters 
from the light source, when compared with the degree of negative 
phototaxis at the distance of 2 meters. 

In combining the results from Tables 17 and 18 the conclusion is 
that the worms show the differential negative phototaxis in definite 
ratios against the horizontal light of various intensities at various given 
angles. As the probable definte ratios, the combined ratios are given 
in Table 19. In this table tlie value at the given angle 0“ and at the 
distance of 2 meters was taken as the standard; so the average ratios 
in Table 18 (1.33 : 1.00: 0.73 : 0.47) are directly transferred to the table 
as the probable definite ratios at the given angle 0“, and the average ratios 
in Table 17 (1.00: 2.34: 2.34: 1.38: 0.45 in the average forced 
angles and 1.00: 2.02: 2.00: 0.94: 0.00 in the negative forced 
angles) as the probable definite ratios at the distance of 2 meters, and 
consequently the remaining values were obtained by multiplying tlie 


Table 19. 


■ilBI 


] m. 

2 in. 

1 

Sm. 

4 in. 

Hark jilacc j 

i'll 

ffP 

0 * 

1.33 

i 1.00 

0.73 

0.47 


45 * 

S.ll 

2.84 

1.71 

1.10 


e a 

s ® 3 S 

90 ® 

3.11 

S . S 4 

i.ri 

1.10 

0.00 

* B 

gi.Bf 

pjsi 

m® 


1.38 

1.01 

0 . C 5 

0.00 

180 ^ 


0.45 

0.33 

0.21 

0.00 


0 ” 

I . . — 

1.83 

1.00 1 

0.73 

0.47 

0.00 

sHi 

46 ® 

2.60 

2.02 ! 

1.47 

0.96 ' 

0.00 

90 * 

2.66 

2.00 1 

1.46 

0.94 

0.00 

1 B 6 ® 

1.26 

0.64 { 

0.60 

0.44 1 

0.00 

18 (f 

0.00 

0.00 { 

0.00 

0.00 1 

0.00 
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value at each given angle at the distance of 2 meters with the corre- 
six)iiding value at each distance at the given angle 0*. When the real 
angular value at the given angle 0® and at the distance of 2 meters 
is determined, the combined ratios may be taken of course as the 
multiplying factors to obtain the angular values at other conditions of 
the light. 

Applying tlie combined ratios the forced angles in Table 10 are 
revised in Table 20. In the revised table the positive forced angles 
are calculated in utilizing the equation The following 

facts may be seen in the table. 

1. 'Till? i>o.sitive forced angle increases the magnitude in acc<^r<lance 


Table 20. 


■ 

Given 

angles 

Im. 

2 m. 

3 m. 

4 m. 

Dark place 



in degrees 

in degrcc.s 

In degrees 

in degrees 

in ilegrees 

> 

0^ 

21.05 

15.83 

11.60 

7.44 

0.00 

» 

46'* 

49.26 

37.04 

27.04 

17.41 

0.00 

0 

r» 

a 

& 

90" 

49.26 

.37.04 

27.04 

17.41 

0.00 

§ 

W 

135’ 

29.07 

21. S6 

15.96 

10.27 

0.00 

Q 

cn 

180" 

9.47 

7.12 

5.20 

3.36 

O.OU 


0" 

0.00 

0.00 

0.00 

0.00 

0.00 

<* 

46’ 

6.72 

6.06 

.3.69 

2.38 

0.00 

1 

g 

VO 

2 

80’ 

7.16 

1 6.38 

! 3.93 

i 

\ 2.63 

0.00 

186’ 

9.28 

, 6.98 

' 6.10 

j 3.28 

! 0.00 

180“ 

9.47 

j 7.12 

1 6.20 

1 3.86 

1 0.00 


j 0- 

21.06 

1 16.83 

11.56 

1 7.44 

0.00 

1 

< 

! ' «• 

42.54 

i 81.98 

! ___ 

! 23.35 

j 16.03 

1 . . 

1 0.00 

§ 

j 80’ 

42.X1 

( 31.66 

1 28.11 

1 14.88 

j 0.00 

2L 

4 

2 

1 136° 

19.79 

j 14.88 

1 10.86 

6.99 

0.00 

; 180° 

0.00 

j 0.00 

; 0.00 

0.00 

! 0.00 
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With the increase of the nia^nitudc of the L;iven ;m; 4 le. Since anj^les 
at the y;iven angle 0“ or 18(r arc comparable always with twice the 
corrcsjx>ncIing ones at others, the fact just stated sliows that the 
positive phototaxis of the worms is most strongly suppressed wlion the 
worms are placed at the given angle am! the decreased magni¬ 

tude of the given angle causes the mure pronounced, positive photo¬ 
taxis of the worms. 

2; The increased distance from the liglit source decreases not 
only either magnitude of the average, positive or negative forced angle 
till it becomes O'* at the infinite distance or in the dark place, but the 
difference between the successive forced angles. The fact itself proves 
that the locus of each set of the forced angles at each given angle 
witli ri.‘spcct to the distances from the light S(-)urcc is not a straight 
line, but that it is a curve which resembles a Iiyperlx)la. 

I'or the purpose of ascertaining the true tendency of changes in 
the farced angles, following the gt!neral tendency of curves stated in 
the above second fact, let us utilize the etjuation for each 

hyperbola with respect to the corresponding axes, ,i denoting the dis¬ 
tance from the light, f the magnitude of the forced angle and r the 
constant, and calculate the mathematic angular values to comj)arc with 
the angular values obtained in the experiments. 

In the following pages the revised values of the forced angles in 
Table 20 are taken as the basis of calculation. 

For the actual example of calculation, let us treat the case at the 
given angle O'*. In this case the abscissa passes the occupied angle 
24®. Let the corresponding ordinate intersect with the abscissa at the 
distance of a from the center of the light source or 0 meter in the 
empirical scale. Then the following 4 points are settled: (l+.i m., 
21.05®), (24-m., 15.8:3®), (34-.v m., 11.50®) and (44-.i m., 7.44®). 
Combining these points the average value of .v 0.50 meter is obtained. 
So we can take 

(.r4-0.56)j/=-r 

as the cmtxrical formula for the hyperbola at the given angle 0^. Ixt 
us take (1.56m., 22.10®) as the co-ordinates of a fixed jxxnt on the 
hyperbola. Then 1.66 x 22.10=rc*=34.4760. If we divide c with the 
sum of 0.56 and the successive value of a (distance), we can obtain 
.the successive value of j (forced angle). 
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The empirical formula (.t:-f0.56)j=r is also applicable to the 
hyperbolae in other cases and when a ix>int is fixed on each hyper¬ 
bola, the corre.six)nding r is also fixed, and the successive values of v 
at each given angle arc obtainable in the same way as in the case 
of the given angle 0**. The values of c which were determined by 
the fixed points on the hyperbolae are shown in Table 21, ancl the 
successive values of v which were calculated arc shown in Table 22. 

T\nLK 21. 



Given angles 

C 

Position of 
abscissa in > 
occupied angles 

Fixed ]x>ints 

> 

< 

0^ 

34.4760 

24" 

(1.6Cni.. 22.10°; 

i 

n 

45" 

80.6832 

46° 

(1.56 111.. 51.72") 

s 

90" 

80.6832 

90° 

(1.66)11., 61.72°) 

186" 

47.6112 

1.36° 

(1.66 m.. 80.62°) 

CTi 

JT 

j> 

180" 

15.5064 

166" 

(1.66 m., 9.94°) 

t 

45^ 

10.9980 

38° i 

(1.66 rn.. 7.05") 

1 

If 

S' 

90" 

11.7000 

78° 1 

(1.66 m.. 7.60°) 

1 136° 

15.1944 

123’ 1 

(1.60 m.. 9.74°) 


46" 

69.6862 

67" 

(1.66 m.. 44.68’) 

egative 
ed angles 

90" 

68.9832 

102" 

(1.56111., 44.22°) 

136" 

32.4168 

147" 

(1.50 m.. 20.78") 


It will be found in the comparison of Tables 16 and 22 that the 
difference between the actual and calculated angles is not so large and' 
among 44 cases, in 29 it hardly surpasses 2.6®, though in 4 it is 
above 6®. So it seems to me that in general the results from the 
calculation coincide with the actual ones from the experiments and 
consequently the equation (.v-h0.66)j'=rr can be applied advantageously 
at any given angle for expressing the changes in the forced angles 
according to the distances from the light source. 
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Taule 22. 



- 7 

Given angles 

1 m. 

2 ni. 

3 m. 

4 m. 



in degrees 

in <lcgrces 

in ilegrees 

in degrees 

Calculate 
average forced 

0“ 

22.10 

13.47 

9.68 

7.66 

46'* 

61.72 ! 

31.62 

22.66 

17.70 

90* 

61.72 

31.52 

22.66 

17.70 

9 

136* 

30.62 

1.S.60 

1.S..37 

10.44 

7. 

ISO* 

9.94 

6.06 

4.30 

3.40 

Calculai 
positive fi 
angle: 

45* 

00* 

7.06 

7.60 

4..30 ' 

4.68 1 

•S.OO ! 

;!.6i 

2.42 

2.67 

2 * 

135" 

9.74 

5.94 

4.26 

! 

3.33 

9 

» p 

45" 

44.66 ' 

27.22 

19.57 

16.28 

ds 1 

S s>2. 

90* 

44.22 

26.94 

19.15 

16.13 

12 . 

_ 2 ,_ 

135* 

20.78 1 

12.66 ' 

9.11 

7.11 


The intensity of lijjht is rev^ersely proportional to the scjiiare of the 
disUincc from the light source. T.ct us supix)sc now that the present 
light source shows the intensity of 400 meter-candles at the distance 
of 1 meter (500 watts-f-1.25=400 ni. c., Barrows 1912K Let / be 
the inten.sity of light and ,r be the distance from the present light 
source. Then in the exf)erimcnts 


/= 


400 


I lence 



Substitute the value of a in the equation (,i+0.56) 

(y ■^_+0.56)r=r. 

c 


Then 


. I lence 
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c at each given angle is shown resjx:ctively in Table 21, so if we 
write the value of intensity of light for [ wc obtain from tlie ecjuation 
the corresponding value of v which is the magnitude of the forced 
angle. The forced angles calculated are arranged together in Tabic 
23. In this table the calculation of angles is limited to the distance 
of 1 meter from the present light source or to the intensity of 400 
meter-candles. 

To show the general tendency of changes in reactions of the 
worms, for example, at the given angle 90® Figs. 7 and 8 were made 
from Table 23. In Fig. 7 the distance from the present light source 
and in Fig. 8 the intensity of light arc scaled on abscissa; and in 
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^40 

both figures the magnitude of angles are scaled on ordinate: the 
occupied angle on the left and the moved angle on the right side. 
The tracing of tlie average angles is denoted by the thick line and 
those of the positive and negative angles by the thin lines. 


k k k k k k 
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Conclusions. 

1. Under the influence of the comparatively low intensity of 
horizontal light the worms can make several random movements, but 
the increased intensity tends to restrict the movements of the worms 
to the negative phototaxis. This conclusion coincides with IIaqx;r\s 
on Perichaeta and Lumbricus. 

2. The worms react against the horizontal light of a constant 
intensity in a definite ratio according to the difference of given angles 
(Table 17). 

3. The worms react against the horizontal light at each given 
angle in a definite ratio according to the difference of light intensity 
(Table 18). 

4. At each given angle the locus of the forced angles at several 
distances from the horizontal light source may be expressed by the 
hyperbolic equation 

when X denotes the distance, jy the magnitude of the forced angle and 
c the constant. Then the equation 

c 

shows that the amount of the reaction which is expressed by the 
magnitude of the forced angle is reversely proportional to the distance 
from the light. 

5. When / denotes an intensity of light, x a distance from the 
light source and the intensity at the distance .r. 



.Substitute the value of x to the equation 7="^ obtain 

This equation shows that the amount of reaction against the horizontal 
light is proportional to the > square root of the intensity of light. 

6. Under some conditions the worms may be attracted by the 
light (Table 14, also see Chapter I). The i^ositivcly moved angle at 
ihe given angle 90® and at the distance of 4 meters shows a larger 
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deviation than that of the positive random angle (Tabic 16). This 
behavior of the worms may be due to tl^e fatigue previous to the 
experiment as for instance in a rcserv^oir as in the case stated in 
Chapter I, but it is our intention to discuss this question in the Chap¬ 
ters VI—IX. 

Chapter IV. The influence of elevated 
light upon the worms. 

The object of the experiments was to observe the phototactic be¬ 
havior when the worms \vere placed under the influence of an elevated 
light. 

For the purpose of investigation an electric lamp of 500 watts was 
used as the light source, and 7 experiments were carried on at a 
distance of 2 meters from the light source at various degrees of 
elevation angles. In < ach exixrimcnt a number of the w'orrns were 
individually brought out in vvly from a reservoir and were placed 
initially at the given angles 0°, 46°, 90’, 135® and 180®. 

Experiment I was carried on at the elevation angle 0°. A.s the 
elevation angle 0" of the light st^urce means, of course, a horizontal 
light, the data obtained from Experiment II in Chapter III were 
utilized for the purpose of comparison. 

Experiment II was carried on at the elevation angle 15°. 50 worms 
were tested at each given angle and the tests were made during the 
latter part of September. 

Experiment III was carried on at the elevation angle 25°. 50 
worms were tested at each given angle and the tests w^ere made 
during the latter part of September. / 

Experiment IV was carried on at the elevation angle 36®. 60 
W'orms were tested at each given angle and the tests were made 
during the middle part of October. 

Experiment V was carried on at the elevation angle 46®. 50 worms 
were te?^ed at each given angle and the tests were made during the 
earlier part of October. 

Experiment VI was carried on at the elevation angle 66®. 50 
worms were tested, at each given angle and the, tqsts were made* 
during the earlier part oT October. 
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Exjxiriment VII was carried on at the elevation angle OC^. The 
tests were made during the middle part of November. Tlie result has 
already been stated in Chapter II in comparison with the case of 
random movementvS in a dark place. 

Tlie results from the alx>ve experiments were gathered together in 
Tables 24 and 25. In the present chapter the results from the fourth 
angle alone arc stated. 

In Table 24 the number of individuals is given in [Xircentage value 
at each given angle and at each elevation angle of the light source. 
The table consists of two parts, one the distribution of ^vorms and the 
other of the worms which exhibited the similar photota.xis (Sec 
Chapter III). In the part of the distribution of worms the angle 
fnxii 0“ to 180“ is divided int(^ 4 sections, viz. 0“ 45“, 4()®-90°, 91“ 
135“ and ]36“~bS0“. 

At the given angle 45“ in the part of the distribution of worms it 
is seen that in the section 13r)“-180“ the maximum value is given at 
the elevation angle 25“» and in the section O' -45® the minimum \aluc 
is given at the same elevation angle. VV^c also notice that the decreas¬ 
ed elevation angle below 2fi** tends to decrease the value in the section 
loh“-180“, and to increase in the section 0®-45'’. Similarly the in¬ 
creased elevation angle aljow 25“ tends to decrease the value in the 
.section 136“-180“ and to increase in the .section 0“-45°, and finally the 
value.s approach those given by the test made in random movements 
at the elevation angle 90“ or under the influence of the ov'crhanging 
light. In the part of the photota.xis it is seen that when the vv’orms 
w’ere tested at the elevation angle 25“ the number of the negatively 
phototactic individuals is greater than at other elevation angles and 
the decrea.scd or increased degree of elevation angle from 25“ tends 
to decrease the numtier of indiv iduals; the contrarj' statement applies 
to the case of the positiv'ely phototactic individuals. 

At the giv^en angle 90“ vve find similar relations as are given in 
the above. 

At the given angle 0* the distribution of the worms shows more 
or less irregularities, but taking into consideration the results given in 
the phototaxis it may be stated that the worms are strongly infiiienced 
by the light at the elevation angle 25“ and wath either the decrea.se 
or tlie increase of the elevation angle from 25“ the worms Ix^comc 



:344 


E. KOMURA 


Taule 24, 
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less influenced by the li^ht. 

At the given angle the distribution of the worms shows 

nearly the same tendency of changes as that at the gi\'en angles 
45* and 90*. In the part of the phototaxis, however, the maximum 
number of the negativ'ely phototactic indixiduals is given at the 
elevation angle 15*. 

At the given angle 180* the distribution of tlie worms is irregular, 
but it tends to show that the maximum number of the negatively 
phototactic individuals is found at the elevation angle 0*. 

In Table 25 the changes in the magnitude of angles c^re shown 
according to the elevation angles. Among the moved angles - sign 
denotes the moved angles away from and the others without any 
sign, those toward the light. The values at the elevation angle 0* at 
a distance of 2 meters from the light source are transferred directly 
from Table 23 in Chapter III and the \'alues at the elevation angle 
90* were calculated by utilizing the average limit of random movements 
discussed in Chapter II. The following facts may be seen in the 
table: 

1. The average occupied angles at the given angles 0*, 45*, 90* 
and 135* show that the magnitude increases gradually from the eleva¬ 
tion angle 0* to 25* and then decreases gradually in accordance with 
the increase of the magnitude of the clex ation angle till the values 
approach those in the random movements. 

2. At the given angle 180* the magnitude of the av erage occupied 
angles tends to decrease gradually from the elevation angle 0* to 90*. 

3. The magnitude of the positive occupied angles is invariably 
maximum at the elevation angle 25* at the giv en angles 45*, 90* and’ 
135*, though slight irregularities are shown. 

4. In the negative occupied angles at the given angles 45* and 
90* the maximum magnitude is found at the elevation angle 25°, but at 
the given angle 135°, the maximum is shown at the elevation angle 15*. 

From Tables 24 and 25 it seems to me that the worms at the 
given angles from 0* to <about 135* react most strongly against the 
light at the elevation angle of about 25% but beyond 135* the worms 
become to react most strongly again.st the light at the elevation angle 
of a smaller degree than 26% till at the given angle 180* the reaction 
becomes most pronounced at the elevation angle 0°. 



Av^'ragc angles | IVcitive angles I Negative angles 
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If vve allow ourselves to think that the reactions of the worms are 
caused by the definite degree of the direCtiw sensation which arose 
in the worms against the definite intensity of light, the statement in 
Chapter III, that the worms react in a definite reitio against the hori¬ 
zontal light of a definite intensity irrespectixe of the different given 
angles, may be interpreted as follows: the worms sensate the same 
intensity of the horizontal light in the same degree at, each given 
angle. It is ascertained, however, in tht.‘ present chapter that under 
the influence of elevated light the worms exhibit different reactions 
according to the difference of the given angles as well as of the 
elevation angles of the light source. Then what arc the causes 
the differential sensations which arose in the worms ? The difference 
of the elevation angles alone must be considered as the influencing 
factor, r.et us study the tendency of changes in the degree of 
directive sensation in the worms under the influence of elevated light. 

The present experiments were carried on on the white papers and 
according to Barrows (1912) the coefficient of reflection for a white 
cartridge paper is O.h‘0, so the reflected light from the |)ajx;r may 
influence the magnitude of the forced angles, and consequently the 
degree of sensations which was produced by the elevated light must 
be determined by tlie sum of the intensity of direct light and of that 
of reflected light. The intensity of the direct light is constant and 
that of the reflected light is variable at each elevation angle. Let tlie 
reflection coefficient for the experimenting paper be 0.80 and the 
intensity of the direct light be equal to 100 meter-candlcs. Then the 
intensity of the reflected light on tlie surface perpendicular to the 
paper and to the vertical plane which is parallel to the direction 
of the light rays is (0.80 X 100)cosfy where the elevation angle is 0. 

From the relation 

direct light-{-reflected lights? 100+(0.80 x 100)costf 
wc obtain the following values for various elevation angles. 

At the elevation angle 0®, since wc have actually no reflected Ught 
.in spite of cosrt=:l, 100 m.c. is the intcn.sity of the influencing light. 

At the elevation angle 15" 100 + 80 x 0.9659 = 177.27 m.c. 

25" 100 + 80 X 0.9063=172.60 m.c. 

35" 100 + 80 X 0.8192= 165.64 m.c. 

45" 100 + 80 X 0.7071 = 156.67 m.c. 
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65" 100 + 80 X 0.673G=146.89 ni.c. 

65" 100 + 80 X 0.4226=133.81 ni.c. 

76* 100 + 80 X 0.2688=120.70 m.c. 

90" 100 + 80 X 0.0000=100.00 m.c. 

In Fig. 9 a worm at the point A is influenced by the light / at 
the elevation angle 0 and it is assumed that the worms moved away^ 
from the light, that is to the point B. Let AB denote the magnitude; 
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of the forced anj^le or the 
decree of directive sensation 
against the light at the 
elevation angle t). When 
the light comes from the 
horizontal direction let us 
assume that the worm 
moved from the point A to 
the point C. I^t AC de¬ 
note the magnitude of the 
forced angle or the degree 
of directive sensation against 
the horizontal light of the 
same intensity as the abo\*e. 
Then AB/AC is tlic ratio 
between the forced angles 
or sensations against the 
elevated and horizontal 
lights of the same intensity 
or the coefficient for the 
degree of sensation when 
the light is raised to the 
elevation angle 6 from the 
horizontal position. 

Since as is seen in Tabic 
25 the changes in the ix)si- 
tive and negative angles 
may better be interpreted 
from the changes in the 
average angles, we shall 
rather study AB/AC con¬ 
cerning the average forced 
angles. In Table 25, since 
the positively moved angle 
at the given angle 90® sur¬ 
passes the positive random 
angle 12® at the elevation 
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an^le 45®, and at the ^iven angle 180® it surpasses the positive random 
angle 24® at the elevation angle 56®, these positively moved angles 
were taken equal to the corresponding random angle, and consequently 
the values of the corresponding average moved angles were also altered 
for the piiriX)se of calculation of the forced angles. 

The values of AB which were calculated from Table 25, the values 
of AC which were calculated according to the general formula 


c 



which was given in Chapter III, and the values of AH/AC are given 
in Table 26. ^ 

To sec easily the changes in AB/AC according to the difference 
of the elevation angles at each given angle. Fig. 10 was prepared 
from Table 26. In the figure the elevation angles are scaled on ab¬ 
scissa an<l the ratios on ordinate. Tlie following facts may be seen in 
the figure : 

1. At the given angles 0’ and 45® the degree of directive sen.sation 
against the light increases in accordance with the increase of the 
magnitude of the elevation angle from 0® to about 25®, then decreases 
to t)0® till it becomes 0. Similar relations are found at all other giv en 
angles. This fact seems to show that the worms sensate strongly a 
strong light, not because tlie strong light makes a strong difference 
of intensity at both sides <3f the body, but because the photoreceptors 
of the worms respond directly to the strong light and the specially 
distributed photoreceptors respond si^ecially to the liglit of special 
conditions. 

2. In general the curves reveal that the ratios become gradually 
smaller in accordance with the increase of the magnitude of the given 
angle. It is highest at the given angle 0® and is lowest at 180®. 

3. At the given angle 135® the ratios at the elevation angle from 
about .45® to 90® are close to those at the given angle 45®. This i^e- 
culiarity just stated seems due to the fact that when the light was 
much elevated the distinction between the given angles 46® and 135® 
becomes obscure in the worms and consequently the i.itios become 
-closer. 
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Conclusions 

1. At the cliffercnt directions the worms exhibit differential 
-reactions against the li^ht at different elevation angles. 

1. When the worms are placed at the given angles from O'" to 

about they react most strongly against the light at the elevation 

angle of about 26". 

ii. When the worms are placed at the given angles which arc 
larger than 136", they react most strongly at the clcx ation angles 
which arc smaller than 26". 

iii. VV'hen the worms are placed at the given angle 180", they 
react most strongly against the light at the elevation angle 0" or against 
the horizontal light. 

2. In general the greater the magnitude of the gi^cn angle the 
smaller is the degree of directive sensation of the worms. 

3. At the given angle 136" the worms sensate the light at the 
elevation angles from about 45* to *.)0" nearly the simc as at the 
given angle 46". 


Chapter V. The influence of flashlight upon the worms. 

The object of the ex^XTiments was to observe how the worms 
wouKl respond against stimulation by tiaslilight. 

l"or the purpo.se of investigation a 600 watts electric lamp was [)ut 
as the light .source in an iron box, on one .side of which was a hole. 
An iron plate was made to slide up and down owr the liole, so 
that when it was lifted up the light rays would pass through the hole 
and illuminate each worm laterally, but when it was put d(nvn it 
would shut off the light quickly. The darkne.ss in the experimenting 
room was such that when the eyes were trained the outlines of the 
white pa|)er could dimly .seen. 

As the preparatory part of the experiments, each fresh worm was 
placed on a white paper under the influence of horizontal light at the 
distance of two meters from the light source and then the light was 
shut off to» let the worm crawl freely and adapt itself to the dark. 
And as the proper part of the experiments, after 30 seconds tlie worm 
was exposed to the fl'vshlight for the giv'^en number of seconds and 
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then the lij^ht was again shut off quickly to let the worm crawl freely^ 
To count seconds in time the sound from a metronome was utilized. 

Four experiments were carried on over the months of May, June 
and July. In each experiment 250 wonn.s were tested. The worms 
crawled so irregularly that 1 could not settle in the experiments an}" 
standard direction where the worms were definitely to be .stimulated 
at the beginning of the proper part. So I hax c divided the field into 
9 angular sections, viz. 0"-10^ ll%33^ 3T^5()^ 79‘*--10r, 

102"-12.r, 124"-146", 147"-168“ and lOr-lSO^, and I have tried 
.several different ways for the purpose of finding tlic .same number of 
individuals in each section. 

In Experiment I the worms were exix).sed to a one-second flashlight. 

In Experiment II the worms were exposed to a fiv^e-second flashlight. 

In Experiment III the worms were exposed to a ten-second flashlight. 

In Experiment IV the \vorms were exposed to the light till the 
crawl had preceded outside of the definite circular area of 11 cm. 
radius. 

For the statistical .study of tracks de.scribed by the worms, the 
nio\'ed angles in all angular sections which were determined from the 
occupied directions at the end of the preparatory part were averaged. 
Tlie average mo\ed angle which was made by the sudden stimulation 
of the light is called the responded angle. 

In Exixrrimcnts I, II and III the average moved angle which was 
made by the t)rogrcss of the crawl just at the removal of the light is 
called the first moved angle, the average moved angle which was 
made by the second jjrogress after renioval of the light is called the 
second moved angle and the average mo\"ed angle wliich was made b}' 
the successi\ c progresses is called the third moved angle. 


ExpKKI^^l•:N^ I. Thk im-lukxck or a onk-skcono fla.shlight. 

In the experiment the resjxDnded angle is directly the first angle,, 
for, according to the definition, the worms made the responded angle 
just when they were exposed to the flashlight, but the duration of 
exposure was too short to end the responded progress of the crawl 
and consequently the progress ended only after the removal of the 
light, so both the responded and first moved angles are identical in. 
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this case. 


The changes in the niagnittitle of the angles arc as follows: 




Resp. 

First 

Second 

Ihira 

Positively 

moved angles 

6.68’ 

5.58" 

().27‘’ 


Xegativxly moved angles 

-14.61>'’ 


-12.U0’ 

-12.4:r 

A\erage 

mo\'ed angles 

-y.or 

-D.or 

-6.06° 

-4.70" 


Accortling to the results in each kind of the moved angles it is 
seen that after the remo\al of the light, the worms tend to crawl 
toward the light source during the progress of the crawl, though the 
worms respond in general negatively to the sudden stimulation of tlie 
l!s»ht. 

The changes in the number of indi\'iduals are us follows: 


> Resp. 

(1(5. 

> Second 

8!). 

*> Third 

116. 

Resp. 

130. 

c Second 

67. 

c'riiird 

101. 

= Resp. 

54. 

:==vSccond 

104. 

Third 



250. 


260. 


260. 


(Those w'orms which crawled further toward the light source at 
the following angle are denoted by>, thase which crawled further 
away from the light source by<, and those which crawled straight 
successively by =. If the number of individuals which crawled toward 
the light source is greater than that of individuals which crawled 
away from it, the conclusion may be made that the worms crawl 
toward the light source, and vice versai) 

The conclusion from the data given alx>vc coincides with tluit from 
the magnitude of the angles. Moreover the difference between the 
number of individuals which crawled toward the light source and that 
of individuals which crawled away from it becomes smaller at the 
third niov^ed angle than at the second, and at the third moved angle 
the latter tends to become equal to the former. The relation just 
stated shows that the worms tend to show random mo\ ements at the 
third moved angle. 

ICxpERiMENr II. The infuence of a i-ivk-sixono feasmught. 

In the experiment the resix)nded angle is separated from the first 
moved angle. 



354 


E. NONfURA 


The cluin^cs in the magnitude of the angles tire as follows ; 



Ke«p. 

VirA 

Second 

Tliir<t 

Positively moved angles 

4.71“ 

4.6.5“ 

6.24“ 

6.77“ 

Negativ^el}' moved angles 

-20.76“ 

-16.60'’ - 

1:5.04“ 

-11.61“ 

Average moved angles 

16.04“ 

-10.«.5‘ 

~S.70“ 

-8.74“ 

In the positively moved 

anglf.s it is 

seen that 

the worms tend to 


crawl toward the light sf>urce during the progress of the crawl, though 
at the first angle they tend to crawl away from the light source. 

In the a\erage mo\ed angles as well as in the negati\'ely inc>\*ed 
angles it is seen that the worms tend to crawl toward the light source 
except at the third mo\ed angle in which they tend to crawl iiwa}" 
from it. 

The changes in tlic number of individuals are as follows : 


> Resp. 

70. 

> iMr.st JIO. 

>Seco!ul 11*>. 

Third W. 

< Resp. 

13S. 

< First 74. 

Second 82. 

Third thi. 

= Resp. 

ofi. 

.--Fit St 77. 

= Second oo. 

Third 55. 


2oO. 

260. 

2^67 

250. 


Except at the responded angle the number of iudivaduals ^^•hich 
crawled toward the light source is greater than that of individuals 
which crawled away from it. 

At the first moved angle the fact coincides with that from the 
magnitude of the average and negatively iiKwed angles. 

At the second moved angle the fact coincides with that fiom the 
magnitude of all kinds of moved angles. 

At the thirtl moved angle the fact coincides only with that from 
the magnitude of the positively moved angles. 

So, as a vvh<.)lc, vve may conclude that the worms res}x>nd negative¬ 
ly to tlie .sudden stimulation of light, but after the removal of the 
light the worms tend to crawd toward the light source though at the 
third moved angle the direction of the crawl appears indeterminable. 
At the tliird moved angle the difference between the number of indi¬ 
viduals which crawled toward the light source and that of individuals 
which crawled away from it is very small showing that the direction 
of crawl is actually indeterminable or that the worms make randoim 
movements. 
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Enkekiment III. The influence ok a ten-second kl/Vshlight. 


In this exiDeriment the responded angle is also separated from the 
first moved angle, as will be seen from the changes in the magnitude 
of the angles which are given below. 



Resj>. 

First 

Siecoiid 

Third 

Positively moved angles 

3.7;r 

3.(ir 

3.98° 

(j.ir 

Negatively moved angles 

-21.52° 

-18.80* 

-17.25° 

-17.12° 

Av^erage moved angles 

-17.79" 

-15.19° 

-13.27° 

-11.01° 


In the |X)sitively moved angles it is seen that at the first moved 
angle the worms tend to crawl aw:iy from the light source, but later 
they tend to crawl toward it in accordance with the progress of the 
crawl. 

In the average and negatively inoxcd angles it is seen that the 
worms tend to crawl toward the light source during tlic progress of 
the crawl. 

The changes in the number of indi\ iduals are as follows: 

>Resp. 54. > First 100. > Second 100. > Third 115. 

<Rc.sp. 158. <, First 86. < Second 80. < Third 82. 

= Rcsp. 38. = First 64. = Second 70. = Third 53. 


260. 


250. 


250. 


250. 


l^xcept at the responded angle the number of individuals which 
crawled toward tlic light source is greater than that of individuals 
which crawled away from it, and the fiict coincides with that from the 
magnitude of the angles except in the case of the first positiv'cly mov ed 
angle. So, as a whole, we may conclude that the worms res|X)nd 
negatively to the sudden stimulation of light, but after remowil of the 
light the worms tend to crawl toward the light source during the 
progress of the crawl. 


Experiment IV. The inkluence ok the sudden axj^ 

CONTINUOUS STIMULATION HY THE LIGHT. 

In the experiment the responded angle was made by the first 
prioress of the definitiv^e crawl after the sudden stimulation. The 
first moved angle was made by the second progress. The second 
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moved angle was made by the third, or, when the track is straight, 
by the third and successive progresses. And the third moved angle 
was made by the track which was just passing the border line of the 
circular area, the radius of which was 11 cm. 

The changes in the magnitude of the angles are as follows: 



Resp. 

First 

Second Third 

Positively moved angles 

5.20° 

4,30° 

4.32* 6.27* 

Negatively moved angles -23.94® 

-2'..85* 

-28.68° -36.05° 

Average moved angles 

-18.74° 

-21.66° 

-24.36° -29.78° 

In the |K)sitively moved 

angles it i 

s seen that at the first moved 


angle the worms tend to crawl away from the light, but later they 
begin to crawl toward it. 

In the average moved angles as well as in the negatively moved 
angles it is seen that the worms tend to crawl away from the light 
during the pr<%ress of the crawl. 

The changes in the number of individuals are as follows: 


'> Resp. 66. 
<Resp. 164. 
= Resp. 30. 

250. 


> First 86. 
•C First 108. 
= First 66. 

260. 


> Second 80. 
< Second 116. 
— Second 54. 

2 ^ 50 . 


> Third 78. 
< Third 126. 
=:Third 46. 

’¥ 60 ’ 


The number of indix iduals which crawled away from the light is 
greater than that of individuals which crawled toward it. 

So, as a whole, wc may conclude that the worms tend to crawl 
away from the light during the progres.s of the crawl. 


CoMPAKisox Ov TiiK Results Fro.m Thjc 
Experiments. 

I) When the w^orms were stimulated suddenly by the light they 
responded with the sudden retraction of or with the sudden turning 
of the anterior portion of the body, or with the continuous forward 
crawling. The percentage values of individuals which showed each 
kind of prompt movements stated in the above are given in Table 27. 
In the taWe the occupied angles from 0® to 180* in which the worms 
were simulated suddenly by the light were advantageously divided 
into 6 angular sections, viz. 0“"'22", 23®-67% 68•-112^ 113*-157* and 
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158*"-180*. It may be seen from the table that the worms respond 
<lifferently against the sudden stimulation of light according to the 
magnitude of the occupied angles in which they were stimulated. 'Fhe 
larger magnitude of the stimulated occupied angle decreases the 


Tabli: ‘27. 



Ani/utnr iM'otIriiiM 
^ for Mtlmulntoil 

UMrRli«<ii 

of 


23'-C7'’ 

; 

6S'-112° 

ii.r--i57- 

168'-180" 


1 sccoml 

33.3 

21.6 1 

21.3 

14.7 

2.3 


6 svcomls 

a2.5 

18.2 

13.3 

8.6 

6.5 

1 

10 secomls 

19.6 

19.2 

14.T 

2.2 

0.0 


I^ouiT cnntinuetl 

81.9 

26.0 

13.0 

12.3 

2.6 


Avcruy;c 

29.3 

21.0 1 

16.6 

9.6 

2.8 


1 sccorul 

29.2 

43.2 

46.8 

86.1 

.84.9 


1 2 sccoivlh 

43.6 

66.1 

67.8 

46.8 

23.9 

c 

3 

3’ 

10 sc;c<m<l.s 

62.1 

1 42.4 i 

48.2 

32.6 

28.0 

VQ 

IxMiK conlinued 

.‘{1.9 

1 36.6 

64.3 

49.1 

1 42.5 


Averaj^e 

39.2 

44.6 

61.8 

41.1 

S3.3 


1 1 second 

37.6 

36.2 : 

.31.9 

49.2 

62.8 

i 

5 seconds 

24.0 

26.7 , 

28.9 

44.7 

69.6 

1 

10 seconds 

28.3 1 

88.4 ! 

87.6 

66.2 

72.0 

§■ 

liong continued 

86.2 j 

38.4 1 

32.7 1 

38.6 

66.0 


Average 

81.6 

34.4 1 

82.7 1 

49.4 

64.9 


frequency of the retraction of the anterior portion of the bexly, but 
tends to increase the frequency of the continuous forward crawling. 
The frequency of the turning of the anterior portion of the body is 
maximum in the section G8®-112* and tends to decrease with the 
increasing or the decreasing magnitude of the stimulated occupied 
angle. 

II) Comparison of the responded angles. 
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1 see. 

5 sec. 

10 sec. 

continued 

I'ositively moxed angles 

5.58“ 

4.71“ 

3.73“ 

6.20“ 

Negatix'cly moxed angles 

-14.59’ 

-20.75“ 

-21.62“ 

-23.94“ 

Av^erage moved angles 

9.01“ 

-16.04“ 

-17.97“ 

-18.74“ 


In the abcn e data tbc magnitude of the a\'crage and negatix ely 
moved angles apparently increases with the increasing duration of the 
exixjsurc. This is due to the fact that while the worms were making 
the responded angles the successive stimulation of the light caused the 
magnitude of the angles to increase, csj)ecially when the w(^rms 
showed the turning movements after the retraction of the anterior 
portion of the bod}\ 

Ill) Q)mparis<»n of the axerage moved angles in relation to the 
duration of exposure to the light. 

In the one-second ex^xisure the responded angle is identical with 

the first moxetl angle, but in the five- or ten-second exposure the two 

angles beccmie separate and the difference between them max* be 

considered as the moxed angle which was made by the exposure to 

the light for the given duration. 

Kes()ond- First 

ed angle moved angle Diftercncc 

Five-second exp<^)sure 10.04° 10.85° 6.10° 

Ten-second exposure 17.79** 15.19° 2.00° 

In the long continued exposure the third moxed angle may be 
considered as the moved angle which xvas made after e.xjxxsure to the 
light for a certain duration, and consequently the difference between 
the responded and the third moved angles may be taken also as the 
moved angle in relation to the duration of exposure to the light. 

Respond- Third 

ed angle moved angle Difference 

Long continued ex^xisure 18.74° 29.78° -11.04° 

In the above differences, those values without any sign denote that 
the moved angle was smaller than the responded angle or the worms 
showed restoring movements, and the other with - sign denotes that the 
moved angle was larger than the responded angle or that the worms 
crawled further aw^ay from the light. 

If we suppose that on an average one progress of crawl is made 
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in 3 seconds find measures 1cm., to crawl Item. 33 seconds must be 
needed. If we assume 33 sec<»nds as the duration of cxix)surc in the 
long continued case and record the above differences on ordinate and 
the seconds on abscissa, the three ix>ints come to lie ncarl)* on a 
straight line. So let us suppose advantageously that the changes of 
the difference (r) in relation to the duration of exiKxsure (a) ma}’ be 
expres.scd approximately by the eejuation 
2.69.t H-5.00r=38.90 

which joins the points (6.00 sec., 5.19*’) and (10.00 sec., 2.()<1°). Then 
we may infer the following relations. 

1. In the equation, when ,1=0.00 sec., r=7.78“ and when .i = 
1.00 sec., i' = 7.2G‘’. But the^^e cases can not be actual, for when 
a— 0.00 see. the worms are not stimulati.'d h\' the light and w hen 
,1 — 1.00 .sec. the responded angle is not .separated from the first mo\ cd 
angle. 

2. When r—0.00**, .i = 15.02 .sec. The result shows that when 
the worms were exposed to the light for about 15 .seconds they crawl 
in the .same direction with that c*f the re.sjxmdcd angle, but when they 
were exjiosed for a shorter duration than 15 seconds the)’ tend to 
crawl toward the light, and when they were expo.sed for a longer 
duration than 15 .seconds-the\’ tend to crawl away from the light. 

3. When r—*-11.04”, a =36.33 sec. The value of .i is the duration 
of exposure in the long continued ca.se and is approximate!)’ identical 
wdth 33 .second.s which was previously supixised. 

4. The .state of change.s in the eejuation 2.59,t 4 5.00r=3<S.90 

may lx; expressed in other words as follows: When the duration of 
e.XiX)surc varies the moved angles (differences between the responded 
and the first moved angles) are in arithmetical progression which is 
when a = 16 sec, and which increases or decreases by the 

common difference 0.52“ for the increase or decrease of one second. 
In general, let the worms crawl under the influence of the hoiiVontal 
light for s seconds and make the first moved angle a. If the worms 
made previously the responded angle the difference n—r increa.scs 

or decreases by the common difference of for the incrca.se or 

decrease of one second when and sdplS. I^t us denote 

X- 15 1" and the duration of ex^xisure by 7! Then 
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yr^y. 

From the relation / which j^ives the intensity of light in 

terms of y denoting the forced angle, / the intensity of light and ^ 
the constant (Chapter III), the value of r ii» substituted for y in the 
above equation yT= V and wc obtain 

xyv/ = r 

or yV / =rA' 

So the Bunsen-Roscoe I-aw which is expressed by the etjuation 
77—A" is not applicable to the case of Allolobophora. 

6. The fact, that when the worms were exp 9 sed to the light for 
a shorter duration than 15 seconds they tend to crawl toward the 
light source, is due in my opinion to the restoring movements which 
have been already stated in Chapter 11. 

IV). Comparison of the axerage movt‘d angles which were made 
after removal of the light. 

In the one-second exposure the first moved angle must be formed 
under the influence of the light, and oxen in the case of the five- or 
ten-second exposure the first moved angle mu.st be made also under 
the influence of the light. Thus the first moved angle must be consid¬ 
ered as being influenced by the light, but the second moved angle 
was not directly influenced by the light, and consequently the difference 
betxvcen the first and the second moved angles may be considered as 
the moved angle xvhich was made after the removal of the light. 



First 

moved anj^lc 

Second 
moved angle 

1 )iffcrcncc 

One-second exposure 

9.01° 

6.63“ 

2.38* 

Five-second ex{x>.sure 

10.86° 

8.70° 

2.16° 

Ten-second exposure 

16.19° 

13.28° 

1.91* 


According to the differences it is seen that when the worms were 
cxix)sed to the light for a longer duration the difference becomes 
smaller, showing that the longer duration of cxposui*e tends to inhibit 
the crawling toward the light source. This fact seems to suggest that, 
even after the removal of the light, the worms arc still under the 
influence of the light and show the negative phototaxis against the 
removed light. 
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If we scale the differences on ordinate and tlie seconds on abscissa, 
it is obvious that the three ix>ints lie just on a straight line. From 
the i>oints (1.00 sec., 2.38“), (:>.00 sec., 2.15'^) and (10.00 sec., l.OF), 
in combination with each other, we obtain the eejuation 
0.94a 4- IH.OOj^rrr 13.59. 

The calculated differences from the above equation are nearly 
identical with the observed differences as will be seen below : 

Differocice 

One-second exposure 2.37“ 

Five-.second exposure 2.1 ()“ 

den-second expt)sure 1.90'" 

1. In the above equation, when K'-^^O.OO”, .1=46.73 sec. I'he 
result shows that when the light was removed after stimulating the 
worms for about 47 seconds, the .secoinl moxed angle becomes ef|ual 
to the fir.st moved angle, and a shorter duration of exposure than 47 
seconds gives a smaller and a longer duration of exposure than 47 
seconds a larger .second mo\ecl angle than the first moved angle. 

2. When the duration of exposure varies the moved angles formed 
by the after-effect (differences between the first and second angles) 
are in arithmetical progre.ssion which is when /=0“, .1=46.73 sec. 
and which increases or decreases by the common difference 0.052“ for 
the increase or decrca.se of one second. The common difference 0.062“ 
may be considered as the negatively moved angle which is the after¬ 
effect of the horizontal light of 100 mcter-candlcs for the c.xposure of 
one second and it is identical with I/IO of the negatively mov ed angle 
which is effected by the direct light. 

V). In the case of the ten-second exposure we hav e seen that at 
the third moved angle the worms crawled still further toward the light 
source than at the .second moved angle, showing that at the third 
moved angle they were not effected by the removed light to show 
negative photota.xis. It follows then that in the case of the one- or 
five-second exix>surc the negative phototaxis which is caused by the 
after-effect also can not occur at the thirfi moved angle. Actually it 
was .susi^ected in these ca.ses that the worms might show random 
movements at the third moved angle. 
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Seconil 
moved angle 

Third 

inove<l an^le 

Difference 

One* second 

exposure 

6.63’ 

4.70" 

1.93“ 

Five-second 

exposure 

S.7(r 

S.74‘’ 

-0.04* 

Ten-second 

exposure 

13.2S" 

11.or 

2.27" 


III tlie differences no regular changes are to be found owing to 
the after-effect of the removed light. St) we may conclude that the 
worms are stimulated by the removed liglit or the after-effect of light 
till the beginning or the completion of the sccontl progress of the crawl, 
and later they begin to show randtnn movements. If so, the duration 
of the continuation of the after-effect of the removed light may be 
Considered to be within 6 seconds, and it follows that 30 seconds, for 
which the worms were alhiwcd to crawl in the dark as tlie jireparatory 
piirt of the experiments, was enough for the worms to adapt them¬ 
selves to the dark. 


Ca)NCU’SI(>\S. 


1. Wlion the worms are stimulate .1 sufUIenly by the horizontal 
light of 100 mctcr-candles, the majority show negative t)hototaxis. 

2. The worms resjx)nd differently against the sudden .stimulation 
of the light according to the directions against the light s<iurcc (occupied 
angles) at where they were .stimulated. The frecpicncy of sudden 
retraction decrea.ses and that of continuous forward crawling incrca.ses 
with the increasing magnitude of the stimulated occupied angle. 

3. The amount of reaction of the w'tjrms (negative forced angle) 
against the light is proportional to the duration of e.xixisure (seaonds). 

4. Let the duration of exposure be 71 the inten.sity of light be 
/. Then 


7V/ =a: 


5. riie worms show after-effect from the removed light for about 
(» seconds, and later they show ramloin movements. 


Chapter VI. The influence of light upon the worms 
with the brain removed. 

We have seen in the former experiments that some of the worms 
showed strongly positive photota.xis, and it is the purpose of the 
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following experiments to throw some light on this peculiar behavior. 

We have already written about the positive phototaxis of the fatigued 
worms in Chapter I and when the Avorms were brought out from 
fresh manures in which they live, tliey aj)pcared to show a more or 
less postivc phototaxis, especially after rain wlu.*n the manure was 
strongly fermenting, the positive phototaxis was more pronounced. 
Moreover the phototaxis of the worms appeared to differ greatly 
according to the difference of the season, that is in summer time the 
positive phototaxis is more pronounced than in winter time. This 
peculiar bchavit^r seemed to me to suggest that those worms whose 
brains do not function are rather attracted by the light. We recall 
here the f.ict that when the worms were i)ut toward either a hori:zontal 
(jr an elevated light at the given angles from O' to probably 45“ or 
more, some worms were attracted by tlu.' light, w hilc when they were 
put at the given angle they crawled away from the light. If 

negative photutaxis was the proper nature of the worms, then they 
ougiit not behave in such manner. lliis behavior seemed to me 
causally related with the state of iktv'ous function and in order to 
test this hypothesis the observ'ation on the mt>vcmcnts of the \\\jrms, 
from which the anterior 3-4 segments w^tc remo\^ed, was undertaken 
not knowing at that time th.it Hess (1924) had worked on the same 
point of iiu'cstigation. 

the purpose of investig.ation an electric lamp of 500 watts was 
used as the light source, and (> experiments were carried on at several 
diskinccs from tlic light source. In e.ich experiment a number of 
worms, from which the anterior 3-4 segments were removed, were 
l>laced at the given angles 0^ 45“, 90“, 135® and 180®. liich worm 
was brought out newly from a reservoir. In the present chaj^tcr the 
results from the fourth angle alone are stated though all other angles 
were determined as in the case of Chapter L 

Experiment I was carried on at a distance of 2 meters from the 
light source at the elevation angle 25®, 50 worms were tested at 
each given angle and the tests were made during the middle part of 
October. 

Experiment II was carried on at a distance of 1 meter from the 
horizontal light .source. 60 worms were tested at each given angle 
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and the tests were made dnrinj^ the earlier part of August. 

Experiment III was carried on at a distance of 2 meters from the 
horizontal light source. 00 worms were tested at each of the given 
angles 0^ 45®, 136® and 180® during the middle part of July. At the 
given angle 90®, 30 worms were tested during the latter part of June 
and 70 worms during the middle part of July. 

Experiment IV was carried on at a distance of 3 meters from the 
horizontal light source. 50 worms were tested at each gi\'en angle 
and the tests were made during the latter part of July. 

Ex|>?riment V was carried on at a distance of 4 meters from the 
liorizontal light source. 50 worms were tested at each given angle 
and the tests were made during the latter part of July. 

Exix:riment VI was carried on in the dark room in the same way 
as in Chapter II. Only 25 worms were tested at the given angle 90® 
and the tests were made during the early part of August. 

T^t us study at first how the worms, from which the anterior 3^4 
segments were remov'ed, will move their Ixxlies when exfxiscd to the 
light. 

Since the worms arc naturally more or less contracted when 
placed on the paper, .at the beginning of the actual crawling .some of 
them elongate the bodies at both ends at the same time, though 
such ca.ses were very rare and I found only 39 cases among 1300 
worms te.sted. In the majority of cases the worms mov^e either the 
posterior or the anterior end of the Ixxiy. In fact ^9% moved the 


Table 28. 


Given angles 



j 



Condition 
of light 

0’ 

46« 

90“ 

185^ 

180> 

25* 

80 

60 

M 

42 

50 

1 m. 

60 

36 

40 

52 

80 

2 in. 

78 

! 1 

Cl i 

S6 

68 

Bm. 

38 

.30 

24 I 

S 

12 

4 m. 

24 

20 

16 j 

14 

14 












EFFECT OF LIGHT ON THE MOVEMENTS OF THE EARTHWORM. 365 

posterior end and 61 96 moved the anterior end of the body. The 
number of individuals which began to elongate the posterior end is 
shown in percentage in Table 28. From the table* it may be seen 
that the number of individuals which moved the posterior end is 
maximum ai the given angle (/, and that in general the decrea.sed 
intensity of light tends to decrease the j[3ercentage values. 

Before the* definitive crawling, seme worms showed preliminary 
elongations of the anterior or of the posterior end of the body alter¬ 
nately or rarely of both ends synchronously, but the majority of the 
worms ‘^crawled out either backward or forward directly without 
preliminary movements. The number of individuals which crawled 


Table 29. 
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forward or backward with or without preliminary movements is shown 
together in percentage in Table 29. Though there are many irregu¬ 
larities, the following facts may be seen in the table. 

1. At the given angle 0®, when the worms were put under the 
influence of light at the elevation angle 26“ or at the distances of 1 
or 2 meters from the horizontal light source, the number of individuals 
which directly crawled forward is smallest, while the number of 
individuals which directly crawled backward is largest. 

2. At the given angle 0“, when the worms were i)ut at the 
distance of 3 or 4 meters from the horizontal light source, the number 
of individuals which directly crawled forward surpasses half the number 
of the worms tested, while the number of individuals which directly 
crawled backward surpasses hardly 14 96 . 

3. At the given angles larger than 46“, regardless of the condi¬ 
tions of light, the number of individuals which directly crawled forward 
becomes larger, while the number of individuals which directly crawled 
backward becomes smaller than that at the given angle 0 “. 

4. When the worms were influenced by horizontal light of compara¬ 
tively low intensity such as at the distances of 3 or 4 meters from 
the light source, the number of individuals which directly crawled 
forward increases while the number of individuals which directly 
crawled backward tends to decrease with the increasing magnitude of 
the given angle. 

6 . At a distance of 2 meters from the horizontal light source, 

Table 30. 


' Given angles 

Condition''^ 
of light 


45** 

wr 

136° 

180“ 


64 

28 

88 

24 

82 

1 ra. 

46 

26 

24 

42 

24 

2in. 

78 

40 

69 

42 

64 

Sm. 

10 

18 

16 

4 

10 

4 m. 

16 

29 

18 

8 

a 

2 
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the number of individuals which directly crawled forward is minimum 
at each given angle and in turn the sum of the •number of individuals 
which directly crawled backward and that of individuals which crawled 
out with preliminary movements is maximum at each given angle. 

The number of individuals which finally crawled backward is 
generally smaller than those which crawled forward and the frequency 
distribution is shown in percentage in Table 30. In the tabic the 
fact may be seen that when the worms were put at each given angle 
the number of individuals is maximum at a distance of 2 meters 
from the light source and amounts to nearly half the number of the 
worms tested. This fact shows that when the worms were put 
under the influence of a horizontal light of about 100 meter-candles 
nearly half the number crawled out either forward or backward and 
that a stronger or weaker light than that induces the majority of 
individuals to crawl forward. 

Among the worms which elongate the posterior end, some elongate 
straight or toward the light, but the cases are comparatively rare 
and similarly among the worms which move the anterior end those 
that move straight or away from the light are also comparatively 
rare and both cases combined hardly surpass 8^^, while the majority 
of individuals elongate the posterior end away or the anterior end 
toward the light. 

Some worms crawl either forward or biickward while making 
winding movements. It is noted in this connection that when the 
anterior segments of the wonns were cut obliquely the projected edge 
at the unevenly cut end attaches to the paper and consequently the 
worms went round and round the attached ix)int and produced some 
winding movements. Even when the segments were cut off cx enly, 
the ventral wall at the cut end often attached itself to the paper, 
thus prtxlucing similar winding movements. It seems, however, that 
the instances mentioned above can not be all the factors which produce 
the winding movements, but the uneven structure or development of 
setae etc. must be taken into consideration and thus the true nature 
of the winding movements still remains unknown to me. 

In most cases the worms try to attain a position parallel to the 
light rays in spite of crawling forward or backward with the anterior 
cut end toward and the posterior end away from the light: that is 
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Table 31. 


Givcti 

angles 

Condi¬ 
tion of 
light 

Positive 

Negative 


26" 

34 

64 


1 m. 

48 

48 

(T 

2 m. 

3 m. 

22 

84 

78 

14 


4 m. 

82 

18 


Dark 

place 

100 

0 


26" 

06 

SO 


1 m. 

68 

30 

46" 

2 m. 

62 

38 

3 m. 

80 

20 


4 m. 

74 

26 


Dark 

place 

86 

14 


25" 

66 

40 


Im. 

68 

30 

90" 

2 m. 

43 

66 

3 m. 

74 

26 


; 4 m. 

70 

1 SO 

1 ^ _ 


Dark 

place 

60 

j 60 


26" 

62 

; 46 


imr 

68 

1 40 

186" 

2 m. 

64 

1 32 

3 m. 

76 

1 24 


4 m. 

64 

i SO 


Dark 

plnoo 

14 

j "so 


26" 

44 

60 


! 1 m. 

42 

1 58 

180*^ 

2 m. 

46 

j 'ii " 

3 m. 

60 

i 38 


4 m. 

62 

1 38 


Dark 

|daop 

0 

i Too' 


to say the worms crawl to make 
smaller occuined angles against the 
light. Let us use hereafter the fol¬ 
lowing technical terms: the positive 
oricntatmi for the movements of thc*^ 
worms just mentioned, the negative 
orientation for the movements just in 
the reverse cases with the above, the 
positive phototaxis for the movements 
in which the worms crawl either for¬ 
ward or backward toward and the 
negative phototaxis for the movements 
away from the light. 

In Table 31 the percentage values 
of the ix)sitively and negatively photo- 
tactic worms ars given together accord¬ 
ing to the above difinition, exxluding 
the i)ercent;ige values of the winding 
worms which will be seen in Table 
32. For the convenience of judging 
the kinds of phototaxis of each worm 
the line passing the occupied angle 
90" was taken as a border: that is 
the positively phototactic worm occu¬ 
pies the position at the lighter side near 
the light source and the negatively 
phototactic worm the position at the 
darker side away from the light source. 
The Table reveals that in general the 
number of the |X)sitivcly phototactic 
worms is larger than that of the 
negatively phototactic ones. It is 
worthy of note that in general when 
the worms crawled forward they show¬ 
ed positive phototaxis and when they 
crawled backward they showed nega¬ 
tive phototaxis. 
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The preliminary i)ositively orienting movements arc much com¬ 
plicated when the worms make the posterior elongation. In most 
cases when a worm begins to elongate the posterior portion of the 
body away from the light, it turns the anterior cut end toward the 


Fig. 11. 



Tracks of two worms from whldi the anterior 3-4 segments were removed. 
2/3 natural size. TIjc direction of the light rays is represented by the longitmlinal 
lines. H—anterior end, T—posterior end. In the left one the worm was placed 
at the given angle 90* and after making several posterior elongations it crawled 
backward to attain a direction parallel to the light rays with the anterior end 
toward the light. In the right one the worm was placed at the given angle 180® 
and it crawled backward just as in the left one. When the worm had shown the 
positively orienting nature fully its posterior end was poked with a pencil to make 
it crawl forward. 
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light its body being fixe^i at the given position. Elongating the 
ixjsterior portion of the body away from the light as far as possible 
it gradually moves the body obliquely against the light. If the worm, 
after stretching out its body fully, is not satisfied at the occupied 
|X)sition, it first begins to crawl forward toward the light a little 
while, then stops and then begins again to elongate its posterior portion 
away from the light. Repeating the movements twice, thrice or many 
times the worm attains a position nearly parallel to the light rays 
and then begins the definitive backward crawling away from the light 
or sometimes the definitive forward crawling toward the light. In 
Fig. 11 actual examples of this kind of movements are shown. 

It is worthy of note that among many thousands of the iinoperated 
worms which I have tested, only a few crawled backward under the 
same circumstances. So the backward crawling of the ofierated worms 
must be an unusual behavior in association with the removal of the 
anterior 3-4 segments. 

In order to understand the nature of forward and backward crawlings, 
I made an observation upon some worms in which the anterior 3-4 
segments were removed. When a worm was crawling forward straight 
toward the light, if it was stimulated at the anterior end with a chop 
stick or a sharp pencil, it began to crawl backward with or without 
hesitation straight away from the light, and if the worm was stimultited 
at the posterior end, it began again to crawl forward straight toward 
the light. This process of movements can be repeated .several times. 
The al)Ove fact appears to me to sUggest that the worms from which 
the anterior 3-4 segments were removed only exhibit the positively 
orienting movements and the rapidity of attaining the parallel ix)sition 
with the light rays and the mode of crawling either backward or 
forward seem due to the difference of physiological conditions of the 
body against the light. If these assumptions arc correct, then we do 
not need to distinguish the forward and backward crawling for 
.studying the angles made by the worms against the light, for the 
angles made by the backward crawding are of the same nature against 
the light as those of the forward crawling. 

The angles in the tracks described by the backward crawling 
worms were determined by the moving direction of the posterior ends 
just as in the cases of the anterior ends of the forward crawling 
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Table 32. 
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worms (See Chapter I). 

In a dark place even the worms from which the anterior 3-4 
segments were removed always crawled forward and the average of 
the moved angles was ±13.58", This value just given again supports 
the conclusion that ±12.00" may be taken as the average limit of 
random movements as in the case of the unoperated worms. 

In Tables 32 and 33 are shown the orienting movements of the 
worms from which the anterior 3-4 segments were removed. 

In Table 32 the distribution of worms, the winding and the 
orientation are given. The following facts may be seen in the table. 

1. At each given angle, except in the case of the dark place, it 
is seen in the part of the distribution of worms that the number of 
individuals is maximum in the section 0"-46" and it is seen in the 
part of the orientation that the number of positively orienting individuals 
is far greater than that of others. From these facts I conclude that 
when the worms are exposed to the light, the majority of individuals 
exhibit the ix)sitivc orientation. 

2. In the part of the distribution of worms it is seen that at the 
given angles 45", 90" and 135" the number of individuals which showed 
smaller occupied angles than the corre.sponding given angle is maximum 
at a distance of 2 meters from the light source, that at the given 
angle 180" the sum of individuals in the sections 0"-45®, 46"-90" and 
9T-135" is maximum also at the same distance, and that either 
<lecreased or increased distance from this tends to decrease the number 
of individuals. In the part of the orientation it is seen that at the 
given angles 45", 90", 135" and 180® the number of positively orien¬ 
ting individuals is maximum at a distance of 2 meters from the light 
source and either decreased or increased distance decreases the number 
of individuals. These facts show that the positive orientation is most 
pronounced under the influence of the horizontal light of about ICO 
meter-candles (2 m. distance) and cither decreased or increased intensity 
causes it to be less pronounced. 

3. At the given angle 0", however, it is seen in the part of the 
distribution of worms that the number of individuals in the section 
0®-46® is maximum at a distance of 4 meters from the light source 
and either decreased or increased distance tends to decrease the number 
of individuals. We And similar phenomenon* also in the part of the 
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orientation. These facts show that at the given angle 0* the positi\e 
orientation is most strongly pronounced under the influence of the 
horizontal light of about or weaker than 26 meter-candles (4 m. 
distance) and either decreased or incrcixsed intensity causes it to be 
less pronounced. 

4. The winding movements are seen only when the worms were 
influenced by a comjxiratively strong light. 

In Table 33 the changes in the magnitude of the angles are shown. 
Among the mtwed angles - sign denotes the moved angles away from 
and others without any sign denote angles toward the light. The 
values in the dark place were calculated by utilizing the average limit of 
the random movements. The following facts may be seen in the table. 

1. Regardless of the kinds of angles, at each given angle the 
value is invariably smaller than that in the dark place or of random 
movements. The fact shows that the worms from which the anterior 
3-4 segments were removed exhibit the positive orientation. 

2. l^xcept the case at the given angle 0® the magnitude of the 

average or the positive occupied angle is smallest at a distance of 2 
meters from the light source and either increased or decreased distance 
increases the magnitude of the average or the positive occupied angle, 
or decreases the magnitude of the av^crage or the positively moved 
angle. Nearly the same change is seen even in the negative occupied 
and negatively moved angles. These facts seem to suggest that when 
the worms were put under the influence of the horizontal light of 
about 100 meter-candles (2 m. distance) they attain most easily 
the position parallel to the light rays, but the increased intensity of 

light more or less forces the worms to deviate from the direction 

toward the light and the decreased intensity less influences to cau.se 
the positive orientation till finally in the dark place the movements 
become random. 

3. At the given angle 0®, in the limit of the horizontal light, the 

average angle is maximum at a distance of 2 meters from the light 

source and either decreased or increased distance decreases the 
magnitude of the average occupied angle, though an increased distance 
above 4 or more meters tends again to increase the magnitude. 

To sec easily the state of changes in the moved angles with the 
increasing magnitude of the given angle. Fig. 12 was plotted from 
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the section of the moved angles in Table 33. In the figure the 
magnitude of the given angles is given on abscissa and the mov'ed 
angles on ordinate. The angles upward from the abscissa i^assing 0® 
show the positively and those downward the negativel>* moved angles. 
The tracings of the average moved angles arc denoted by the 
thicker lines, and those of the |X)sitively and negatively mov^ed angles 
by the thinner lines. The tracings of the angles at a distance of 2 
meters from the light source at the elevation angle 25® are denoted 
by the full lines, those at a distance of 1 meter from the horizontal 
light source by the broken lines, those at a distance of 2 meters by 
the one-dotted chain lines, those at 3 meters by the two-dotted chain 
lines, those at 4 meters by the three-dotted chain lines and those in 
the dark place by the dotted lines. Moreover the straight line obliquely 
drawn represents the tracing of the theoretically maximum magnitude 
of the jx)sitivcly moved angle at each given angle. 

The following facts may be seen in Fig. 12. 

1. All tracings of the average and |X)sitively moved angles show 
far larger angles than those of the average and ix)sitive random angles, 
though the former angles are smaller than the maximum moved angles. 
The difference between the maximum moved angle and the average 
or the |.>ositively moved angle becomes larger gradually with the 
increasing magnitude of the given angle. 

2. The tracing of the av^crage and jxDsitiv^ely moved angles at a 
distance of 2 meters frotn the elevated light source (full line) and at 
a distance of 1 meter from the horizontal light source (broken line) 
show a tendency of downward curvature while the remaining tracings 
show a tendency of upward curvature when the given angle increases 
from 135® to 180®. The fact seems to show that when the worms 
were exposed to a stronger light than nearly 100 meter-candles they 
crawl rather away from the light while under the influence of the 
light of nearly 100 meter-candles the worms exhibit fully the positively 
orienting movements, but when the intensity of the light further 
decreases it will not be sufficient to cause the stroiig positively orien¬ 
ting movements and consequently the worms begin to be less fi>rced 
to orient toward the direction of the light and consequently some 
random movements appear to take place. 

3. On the other hand, at the given angle 0®, if we assume that 
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Fig. 12. 


•O' 46” 90” 186” 180" 



the tracings are almost represented by straight lines which intersect 
each other at the given angle of .small magnitude, a decrease of the 
magnitude of the average moved angle following an increase of the 
distance from the light source above 2 meters must take place, for if 
at the given angle 180“ the terminal of a tracing moves downwards, 
then at the given angle 0* the terminal of the same tracing must 
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move upwards because the line intersects as already stated with other 
lines at a {X)int. When however the distance increases more a tracing 
such as was assumed in the above must become to resemble the 
tracing of the random movements in the dark place which can never 
be a straight line. We conclude therefore that when the worms were 
put toward the light, if the intensity of the light was strong the 
magnitude of the negatively moved angle is large because the worms 
show to some extent the negatively orienting nature, but if the intensity 
of the light decreases to some extent the moved angle becomes small 
because the worms make fully the positively orienting movements and 
if the intensity of the light decreases further the moved angle becomes 
large again because the worms arc released from tlic influence of the 
light and thus make random movements. 


Conclusions. 

1. In the worms, from which the anterior 3~4 segments containing 
the brain were removed, the positive phototaxis is more pronounced 
than in the unoperated worms. 

2. The worms, from which the anterior 3-4 segments were 
removed, show the |K)sitive orientation from the influence of light. It 
is ascertained by Hess (1924) that when the brain is removed in 
Lumbricus terrestris, the worm becomes to turn the anteric'a* end of 
the body toward light. 

3. The majority of the worms usually crawl forward wliilc some 
crawl backward, exhibiting the ix)sitivc orientation. 

i. Even at the beginning of the movements the majority of the 
worms elongate the anterior end toward or tlie posterior end away 
from the light. 

ii. Some worms fnake several preliminary movements before the 
definitive crawling takes place at the anterior or at the posterior end 
of the body cither alternately or rarely synchronously, but the majority 
of the worms crawl backward directly without hesitation when they 
elongate the posterior end or forward when they elongate the anterior 
end. 

iii. When the worms were placed under the influence of the 
horizontal light of about 100 rncter-candlos nearly half the number of 
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the worms crawl eltlier forward or backward with some hesitation, but 
under the influence of a light stronger or weaker than this the majority 
of the worms crawl forward with less hesitation. 

iv. When the worms were cxi^osed to a strong light or put 
toward the light they begin the ix>sterior elongation, but if the light 
was of a comparatively low intensity, even when the worms were put 
toward the light, many worms crawl forward. 

V. Even under the influence of a comparatively strong light when 
the worms were put at a given angle larger than 46®, they begin to 
crawl forward. 

vi. Under the influence of a horizontal light of comparatively low 
intensity the greater the magnitude of the given angle, the easier is 
the forward crawling. 

vii. In the dark place the worms always crawl forward and make 
random movements, the average limit of which is also ±12® at the 
fourth angle as in the unoperated worms. 

4. Under the influence of a comparatively .strong light some worms 
make winding movements while crawling either forward or backward. 

5. To crawl forward or backward to attain a position i>arallel to 
the light rays is the same manifestation of the ix).sitivc orientation of 
the worms, 

i. When the worms were put toward the light the increased 
intensity of light forces the worms to deviate from the given direction. 

ii. When the worms were put at the given angles 46®, 90®, 136® 
and 180® they exhibit most strongly the positive orientation under 
the influence of the horizontal light of nearly 100 meter-candles, but 
the increased intensity of the light forces the worms to deviate away 
from the light and the decreased intensity has less influence to cause 
the positive orientation and finally in the dark place the worms make 
random movements. 

None of the above behavior is displayed by the worms from which 
the anterior segments were not removed. So it seems to me to be 
sure that when the brain is removed the ganglionic cells (?) which 
cause the positive orientation as well as the backward crawling arc 
distributed in some place of the ventral nerve cord. 
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Chapter VII. The axially graded reactions 
of the worms against light. 

It was tentatively concluded in Chapter VI that the ganglionic 
cells (?) causing either the positively orienting movements or the 
backward crawling movements are distributed not in the brain but in 
some portion of the ventral nerve cord. Tlie object of the following 
experiments was to test the above hy|X)thesis. 

Experiments On Worms From Which Some 
Anterior Segments Were Removed. 

For the purpose of investigation 7 ex|:>eriments were carried on 
under the influence of a horizontal light of 100 mcter-candles. In 
each experiment some anterior segments were removed from each 
worm just before the trial. When many segments were removed 
from the worms, most of them exhibited winding movements and 
consequently the angles in their tracks were not measurable except at 
the first progress, so in the present chapter only the changes in the 
first angle (Chapter I, also see Chapter VI) alone were studied. In 
most cases, however, even the track at the first progress was difficult 
to determine owing to successive winding movements, so the direction 
of crawl was marked as soon as each worm made the first progress 
and the measurement was made afterwards. 

Experiment I. Only the prostomium was removed. 10 worms 
were tested at each given angle during the latter part of June. 

Experiment II, The anterior 3-4 segments were removed. Here 
the results of the first angles from Experiment III in Chapter VI were 
utilized. 

Experiment III. The anterior 10-11 segments were removed, fio 
worms were tested at each given angle during the middle part of July. 

Experiment IV. The preclitellar portion was removed. 50 worms 
were tested at each given angle during the middle part of August. 

Experiment V. The anterior 32 segments were removed. 40 
worms were tested at the given angle 90® during the middle part of 
August. 

E.xi>criment VI. The anterior 40 segments were removed. 50 
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worms were tested at each given angle during the latter i^art of 
August. 

Experiment VII. The posterior half of the tail or post-clitellar 
portion was used. 40 worms were tested at the given angle 90* during 
the latter part of August. 

In Table 34 the percentage values of those worms which began 


Table 34. 



\ PortioiiK 
XrtMuftved 

(rIVfllN 

niigltw 

Prosto¬ 

mium 

3-4 

segments 

10-11 

segments 

Preclitcl- 

lar 

portion 

32 

segments 

40 

segments 

} px)st- 
ditellar 
portion 
Ir/f 

Percent 
worms w 

move at 
end o 

0“ 

0 

78 

32 

20 


4 


46** 

0 

38 

22 

12 


6 




0 

61 

22 

4 

. . . 

2 

0 

* 

o 

136® 

0 

36 

16 

6 


6 


180“ 

0 

(•8 

8 

0 


0 


Percentage values 
worms which 
directly crawlec] 
Ijackward. 

0“ 

0 

70 

10 

4 


0 


46“ 

0 

15 

11 

0 


0 

_1 

.. . 

1 _ 

90“ 

0 

42 

1 

6 : 

2 

. j 

0 ~i 

0 

136“ 

0 

1 

50 ! 

2 1 

i 


0 



180“ 

0 

SO 

2 

i ® 


0 



0“ 

0 

78 

14 

1 ^ 

1 

0 


^iii 

46* 

0 

40 

17 

1 “ 

1 

1_ 

0 

j . - - 


90“ 

0 

69 

10 

i ^ 

i ® 

0 

0 

s- 2, 

135“ 

0 

42 

4 

1 ® ’ 

! 

0 


180“ 

0 

64 

4 

i ® 


0 



to elongate the posterior end, those which directly and those which 
definitively crawled backward are shown together. The following facts 
\ may be seen in the table. 

1., When only the prostomium was removed the worms, in which 
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the brain is intact, show neither the |»stcrior elongation nor the 
backward crawling, while when the anterior 3-4 segments were 
removed many worms, in which the brain is absent, show either the 
posterior elongation or the backward crawling. This fact may be fcikcn 
to mean that the ganglionic cells (?) causing tlie posterior elongation 
are distributed in the ventral nerve coni, while the brain causes only 
the forwarrl crawling and inhibits the jjosterior elongation. 

2. At each given angle when the anterior 3-4 segments were 
removed the frequency of |»sterior elongation is maximum, and in 
ass(x:iation with the removal of a larger number of segments the 
frequency of posterior elongation decreases. When the anterior 32-40 
segments were removed the backward crawling ceases, though some¬ 
times the ix)Sterior elongation occurs, and finally in the worms in which 
half of the post-clitellar portion was left the {X)stcrior elongation never 
occurs. These facts seem to show that the ganglionic cells (?) causing 
the |x)sterior elongation are distributed mainly in the anterior |x>rtion 
of the ventral nerve cord and in general the frequency of fx)sterior 
elongation is projx)rtional to the number of po.stcrior segments left. 

3, Even those worms which showed the posterior elongation, when 
some stimuli were applied (See Chapter VI), show also the anterior 
elongation or forward crawling. This fact shows that the ganglionic , 
cells (?) causing the anterior elongation arc distributed through tlic 
wh(')le length of the ventral nerve cord. 

In Table 3r) the jxircentage values of the |X)sitively and the nega¬ 
tively i^hototactic worms arc given together. The kinds of phoh^taxis 
of the worms were judged in the same way as in Chapter VI. The 
table reveals no regular changes of the percentage values. 

riie ixjrcentage values of individuals which showed the winding 
movements arc given in Table 36. In the table it is seen that when 
the larger number of anterior segments were removed the frequency 
of winding movements increased. It was intimated in Chapter VI that 
the uneven structure or development of .setae or the unevenly cut end 
of the body might be one of the factors which cause mechanically 
the winding movements. If the supposition were true the worms 
ought to wind toward only one side of the Ixxly, but actually we find 
that many worms could wind dextrally even.when they crawled out 
toward the left side of the body and vice versa. This fact seems to 
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show that the slight unevenness in setae or at the cut end of the 
body is less effective as the initiative cause of the winding movements. 

And as has already been men¬ 
tioned in Chapter VI, if it can 
be granted that tlie ganglionic 
cells (?) causing the positive ori¬ 
entation arc present in the ventral 
nerve cord, the worms ought to 
show the iX)sitive orientation ir¬ 
respective of the modes of crawl¬ 
ing, With this view in mind I 
have determined the first angles 
and the results are shown in 
Tables 37 and 38, both the cases 
of crawling forward and back¬ 
ward being united. 

In Table 37 the number of 
individuals distributed in each 
angular section are shown in per¬ 
centage values. The following 
facts may be seen in the table. 

1. At the given angles 45“. 
90** and 135*^ the number of in¬ 
dividuals which make occupied 
angles smaller than the corre¬ 
sponding given angle is greater 
when the anterior 3-4 segments 
were removed than when only 
the prostomium was removed. 
At the given angle 0® the num¬ 
ber of individuals which occupied 
angles smaller than 46® is greater 
when the anterior 3-4 .segments 
were removed than when only 
the prostomium was removed. 
And at the given angle 180® 
when only the prostomium was 


Iaule 36. 


Given 

angles 

I’ortionK removed 

Positive 

Negative 


Prostomium 

100 

0 


3->4 segments 

20 ! 

80 

0“ 

10-11 segments 

86 : 

14 


PreditcUar portion 

06 ; 

4 


40 segments 

84 

16 


Prostomium 

60 

40 


S-4 segments 

62 

38 

46*’ 

10-11 segments 

83 

17 


IVcclitellar portion 

92 

8 


40 segments 

66 

34 


Prastomiurn 

50 

50 


8-4 segments 

88 

62 


10-11 segments 

68 

32 

W 

Preclitellar portion 

60 

1 40 


32 segments 

60 

40 


40 segments 

62 

38 


^ post-clitdlar 
portion left 

62 

I 38 

1 


Prostomium 

40 

60 


3-4 segments 

84 


135** 

10-11 segments 




Preclitellar portion 

34 

66 


40 segments 

42 

58 


Prostomium 

0 

100 


3-4 segments 

46 


18Cr 

10-11 segments 

4 



Preclitellar portion 

2 



40 segments 


loo 
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Tahle 30. 


Fortions | 
^ removed 

Given 

angles 

Prosto¬ 

mium 

a-4 

segments 

10-11 

segments 

Preclitcl- 

lar 

fiortion 

32 

segments 

40 

setrments 

J post- 
clitellar 
IKirtion 
left 

0* 

0 

0 

16 

60 


82 


46*' 

0 

0 

18 

72 


88 



0 

; 1 

32 

60 

80 ’ 


90 


0 

4 

16 

68 


84 


i8(r 

0 

1 

24 

82 


88 



removed n(^ worms (Kcupied angles smaller than 135®, hut when the 
anterior 3-4 segments were removed nearly half the number of the 
worms occupied angles smaller than 135®. These facts show that the 
worms exhibit a stronger ixisitive orientation when the anterior 3-4 
segments were removed than wdien only the prostomium was removed. 

2. At the given angles 0®, 45® and 90® when a larger number of 
segments were removed the number of positively orienting individuals 
tends to decrease. 

3. At the given angle 135® nearly the same phenomena as 
stated in the above arc also seen, but in this case the number of 
positively orienting individuals becomes greater when the anterior 40 
segments were removed than when the preclitellar portion was rcmo\- 
cd. At the given angle 180® the number of individuals which made 
occupied angles smaller than 135® is greater when 40 segments were 
removed than when the preclitellar portion was removed which in 
turn is greater than when 10-11 segments were removed. Ihese 
phenomena are probably due to the tight winding movements which 
hap|)en very often when many anterior segments are removed. 

In Table 38 the changes in the magnitude of angles arc shown. 
The following facts may be seen in the table. 

1. When the prostomium was removed, the average occupied 
angle at each of the given angles 46®, 90® and 135® showed an inti¬ 
mate approximation to the magnitude of the corresponding given angle. 
This fact seems to suggest that when only the prostomium is removed 
the phototaxis or orientation becomes obscure and consequently the 
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Table 37. 


Given 

angles 

Portions removed 

0®-46® 

46®-90® 

or-is6® 

136®-! 80^ 


Prostomium 

80 

20 

0 

0 


3*'-4 segments 

94 

6 

0 

0 


10-11 segments 

88 

12 

0 

0 


Prcclitelljur portion 

76 

24 

0 

0 


40 segments 

64 

34 

12 

0 


Proslomium 

60 

40 

0 

0 


3-4 segments 

88 

12 

0 

0 

45'^ 

10-11 segments 

80 

20 

0 

0 


Preclitellar |x>rtion 

66 

28 

6 

0 


40 segments 

40 

26 

26 

8 


Prostoinium 

0 

80 

20 

0 


3-4 segments 

30 

64 

8 

3 


10-11 segments 

26 

54 

18 

. - 

2 

W 

Preclitellar portion 

36 

26 

80 

i 8 


32 segments 

23 

58 

22 

1 


40 segments 

26 

38 

14 

22 


J p<,wi-clilcllar [>orlion left 

42 ! 

20 

8 

80 


Prostoniium 

0 

0 

70 

30 


3-4 segments 

12 

28 

1 

14 

136'’ 

10-11 segments 

10 

24 

1 42 

24 


Preclitellar portion 

16 

20 

i 18 

46 


40 segments 

2 

42 

j„ 

32 


Prostoinium 


0 i 




3-4 segments 

0 

j± __| 

36 

48 

180® 

10-11 segments 

4 

0 

2$ 

68 


Preclitellar portion 

2 

0 

36 

62 


40 Mgments 

0 

2 

44 

64 
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worms show movements which are nearly the same as random 
movements. 

2. When the anterior 3~4 segments were removed tlie occupied 
angles becatne smaller than when only the prostomium was removed, 
and this fact is especially true in the average and positive occupied 
angles. This fact shows that when the anterior 3-4 segments are 
removed, the negatively orienting movements almost disappear and the 
ix)sitively orienting movements begin to take their place. 

3. When the anterior 10-11 segments were removed, the occu¬ 
pied angles iDCcame larger or the degree of ^x^sitive orientation became 
weaker than when the anterior 3-4 segments were removed. 

4. When the preclitcllar [xirtion was removed, the occupied angles 
became larger than when the anterior 10-11 segments were removed, 
though the i3ositive occupied angles at the given angles 90", 1 .‘j 5" and 
180" showed a slight decrease. The decrease of the positive occupied 
angles and the increase of the negative occupied angles in part are, 
in my opinion, due to the increased frequency of winding movements 
(Sec Table 36), for when the worms ixrrform winding movements they 
generally make larger moved angles either toward or away from the 
light. So this fact appears to show that when the )>reclitellar [X)rtion 
is removed, the degree of negative orientation grows stronger and 
con.sequently, as is shown in the average occui)ied angles, the positive 
orientation l)ecomes less j)ronounccd in comparison with the case of 
the removal of 10-11 segments. 

6. When the anterior 40 segments were removed, in general the 
occupied angles became larger or the degree of negative orientation 
became stronger than when the preclitcllar portion was removed. 

6. When the i.K)sterior half of the post-clitellar jx^rtion w^as left, 
the |K)sitive occupied angle became .smaller while the negative occupied 
angle became larger than when the anterior 40 segments were remis¬ 
ed. These phenomena are due to the increased frccjuency of the 
winding movements, the winding of w^hich becomes tighter as has been 
.stated already when many anterior segments were removed. And 
from the values of the occupied angles we may conclude that the 
positive and the negative orientations are nearly equally exhibited at 
the given angle 90" when a larger number of anterior segments than 
32 are removed, though the positive orientation is a little more pro- 



Table 5^8. 


386 


E. NOMURA 

















EFFECT i)V Lir.HT ON THE MOVEMENTS OF THE EAKTHWORM. 887 


nounced than the negative orientation. 

7. The removal of anterior segments decreased the magnitude of 
the negatively moved angle and increased that of the positively moved 
angle with the increasing magnitude of the given angle, and the 
removal of a larger number of anterior segments tended to make a 
quicker increase of the magnitude of the negatively moved angle at 
a smaller given angle than at a larger giv en angle. These facts show 
that the smaller given angle causes the pc^sitive orientation to be less 
and the negativ^e orientation to be more pronounced. In fact when 
the preclitellar portion was removed, at the given angle 45“ the 
average moved angle approached to 0“, and when the anterior 40 
segments were removed, at the given angle 45“ the av^erage moved 
angle became negative, and at a given angle smaller than 90* it 
approached 0“, while at the larger given angles the average moved 
angles were still jx^sitivc. 

8. At the given angle 180“ the angular values apparently show 
that the removal of a larger number of segments than 11 caused the 
positiv^e orientation to be more pronounced. But the changes are 
only due to the increased frecjucncy of winding movements which 
become tighter when many anterior segments are removed and conse¬ 
quently the changes do not mean the positive orientation which is 
more pronounced. Similarly the increase of the negative angular 
values at the given angle 0“ partially may be considered as the result 
of the winding movements. 

According to the facts from Tables 37 and 38, when the anterior 
.V4 segments which contain the brain are remov'ed, the degree of 
positive orientation is strongest, and when a larger number of anterior 
segments are removed the j)ositive orientation becomes less and the 
negative orientation more pronounced. Furthermore when the preclitellar 
protion is removed, the movements become random at the given angle 
45“ and similarly when the anterior 32 or more segments are removed, 
the movements also become random at a given angle smaller than 
90“. These facts seem to show that in the anteriormost portion of 
the ventral nerve cord the ganglionic cells (?) causing the positive 
orientation can influence more strongly than the ganglionic cells (?) 
causing the negative orientation, but posteriorly to the clitellum both 
cells (?) are capable of reacting equally but respond differentially to 
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the light when the worms are placed at different given angles. 

Experiments On Worms From Which Some 
Posterior Segments Were Removed. 

For the purpose of investigation 3 cxi^eriments were carried on 
under the influence of a horizontal light of 100 meter-candles. In 
each experiment some [X).sterior segments were removed from each 
worm just before the trial. When an anterior piece of a few segments, 
viz. 3-4 or 10-11, was tested, in most cases it could not show the 
proper orienting movements owing probably to imperfection in the 
locomotive organs. In the following pages the results from the first 
angles alone arc stated for the purpose of comparison with the results 
in the preceding ex^Xiriments. 

Experiment 1. The preclitellar portion was used. 40 worms were 
tested at the given angle DO** during the middle part of August. 

Experiment II. The anterior 32 segments were used. 40 worms 
Avere tested at the given angle 90® during the latter part of August. 

P-xi^eriment III. The anterior 40 segments were used. TjO worms 
were tested at the given angle 90“ during the latter part of August. 

In each experiment the anterior pieces invariably crawled forward, 
though in a few a tendency toward backward crawling was detectable. 
So in the present experiments the orientations of the pieces decisively 
coincide with the pht^otaxes. 

The results of measuring the angles are shown in Tables 39 and 40. 

Table 39. 


Portions used 

0’-46'’ 

46’-90‘’ 

9r-lS6® 

.■■■■ . 

1S6“-180' 

Preclitellar portion 

2.6 

12.6 

37.6 

47.6 

32 segments 

2.5 

' lO.O j 

60.0 

37.6 

40 segments 

0.0 

14.0 1 

52.0 

34.0 


In Table 39 the frequency distribution of the worms in 4 angular 
sections, viz. 0®*-46®, 46®-90®, 9r-136® and 136®-'!80®, is shown in 
(x:rccnta^^|^lues. The table reveals that the percentage value becomes 
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smaller in the section 136*-180*', while it becomes greater in the section 
9r“136® with the increasing number of segments. This fact shows 
that a larger number of segments tends to decrease the frequency of 
stronger orienting or phototaclic movements. 

Tarle 40. 


; Portions used 

1 

Average angles 

j Positive angles 

Negative angles 


Prcclitcllar portion 

in degrees 

127.C0 

in ilcgrecs 

87..88 

in degrees 

i:?0.22 

§ 

32 segments 

127.08 

88.05 

129.03 

cw 

40 sediments 

126.24 

89. S8 

126.36 

S' 

Preclilcllar portion 

-37.60 

{ 2.62 

-40.22 

S- ' 

s> 

a 

1 32 segments 

-87.08 

j 1.96 

-.89.0.8 

1 

5 1 

40 segments 

-36.24 

: 0.12 

-S6.86 


In Table 40 the changes in the magnitude of the angles t\rc. 
shown. According to the table the average and the negative angles 
.show that the negative orientation or phototaxis tends to be less 
pronounced with the increasing number of segments, and this coincides 
with the fact from Table 39, 

Experiments On Worms From Which Some 
Anterior And Some Posterior 
Se<;ments Were Removed. 

For the purpo.se of investigation 2 experiments Mere carried on 
under the influence of a horizontal light of 100 meter-candles. 

lixi^rinient I. 

In the experiment the anterior 3-4 segments and the ix)sterior 
half of the post-cHtellar portion were removed from each worm just 
before the trial. 50 worms were tested at the gixen angle 90® during 
the early part of August. 

Frequency of the first movement at the anterior end of the 
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body.48 

Frequency of the direct forward crawling. 44 

Frequency of the definitive forward crawling.92^ 

Frequency of the first movement at the posterior end of 

the body.4296 

Frequency of the direct backward crawling... 296 

Frequency of the definitive backward crawling. 89 ^ 

Frequency of the synchronous movements at both ends of 

the bexly. 10 96 

Frequency of the winding movement. 896 

Number of the positively phototactic worms. 7 O 96 

Number of the negatively phototactic worms.30 96 

'Fhc results of measuring the angles are as follows: 

The frequency distribution which determines the kinds of orientation 
of the worms is shown below in percentage values. 


QMS® 

46*-90‘’ 9r-136“ 

ise’-iso” 

20 

56 16 

2 

The angular values 

which determine the degrees of orientation of 

the worms are sh<iwn below. 



Occupied anglc*« 

Moved angles 

Average 

b 

d 

19.90“ 

Positive 

66.02“ 

24.98“ 

Negative 

96.08“ 

-6.08“ 


Experiment II. 



In this experiment the preclitellar portion and the posterior half 
of the post-clitellar ixjrtion were removed from each worm just before 
the trial. 40 worms were tested at the given angle 90® during the 
early part of August. 

All worms progressed forward, 90 96 of them making winding 
movements. 

The results of measuring the angles are as follows: 

The frequency distribution which determines the kinds of orientation 
of the worms is shown below In percentage values. 

4e’-.9(y» Qr-iss** 

26.0 37.6 10.0 27.6 
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The angular values which determine the degrees of orientation of 
the worms are shown below. 


Average 

Positive 

Negative 


Occupied angles 

83.63" 

66.63’ 

107.90" 


Moved angles 

6.47“ 

24.37“ 

--17.90“ 


Comparison Of The Results From The Pkkckdim; Experiments. 

In the following fxiges the results from the first angles at the 
gi\'en angle 90“ alone are stated. 

1 . Comparison of the results from the experiments in connection 
with severance just in front of the clitellum. 

When the unoperated worms were tested they showed the average 
moved angle -23.86“ and when the anterior pieces were tested they 
showed the average moved angle -37.60“. Thus the anterior pieces 
showed a negative orientation stronger than the uno|)erated / worms, 
the strengthened degree of which may be expressed by -13.75“ 
(-37.60“+23.86“). 

When the jx^sterior pieces were tested they showed a ix)sitive 
orientation which may be expressed by the a\'erage moved angle 
15.64“. 

Thus the angular value 15.64“ which expresses the positivity of 
the posterior pieces shows an intimate approximation to the angular 
value -13.75“ which expresses the strengthened negativity of the 
anterior pieces above the negativity of tlie unoperated worms. 

2 . Comparison of the results from the experiments in connection 
with severance just behind the clitellum. 

When the unoperated worms were tested they showed the average 
moved angle -23.86“ and when the anterior pieces were tested they 
showed the average moved angle -37.08“. Thus the anterior pieces 
showed a negative orientation stronger than the unoperated worms, 
the strengthened degree of which may be expressed by -13.23“ 
(-37.08“+23.86“). 

When the posterior pieces were tested the>' show'ed a positive 
orientation which may be expressed by the average moved angle 7.72“. 

3. Comparison of the results from the experiments in connection 
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with severance at the 40th segment. 

When the unoperated worms were tested they showed the average 
moved angle -23.86® and when the anterior pieces were tested they 
showed the average moved angle -36.24®. Thus the anterior pieces 
showed a negativ^e orientation stronger than the unoj^erated worms, 
the strengthened degree of which may be expressed by -12.39® 
(-36.24’+ 23.86®). 

When the posterior pieces were tested they showed a ix)sitive 
orientation which may be expressed by the average moved angle 
6.46®. 

4. Comparison of the results from the cxi>criments in connection 
with .severances at the 3rd or 4th segment as well as at the middle 
of the jx)st“clitellar portion. 

The anterior pieces could not show proper orienting movements. 

When the worms, from which the anterior 3-4 segments were 
removed, were tested they showed the average moved angle 31.16® 
and when the middle pieces were tested they showed the average 
moved angle 19.90®. Thus the middle pieces showed a positive 
orientation weaker than the worms from which the anterior 3-4 
segments were removed, the weakened degree of which may be 
expressed by-11.26® (19.9()®-31.16®). 

When the posterior pieces were tested they showed a ix)sitive 
orientation which may be expressed by the average moved angle 8.92®, 

Thus the angular value 8.92® which expresses the ix)sitivity of the 
posterior pieces shows a near identity to the angular value -11.26®, 
which expresses the weakened jx)sitivity of the middle pieces below 
the positivity of the worms from which the anterior 3-4 .segments were 
removed. 

The combined positivity of the middle and posterior pieces may 
be expressed by 28.82® (19.90® +8.92®), and this value shows a near 
identity to the value 31.16® which expres.ses the positivity of the 
worms from which the anterior 3-4 segments were removed. 

5. Comparison of the results from the experiments in connection 
with severances just in front of the clitcllum as well as at the middle 
of the post-clitellar portion. 

When the worms, from which the preclitellar portion was removed, 
were tested they showed the average moved angle 16,64® and when 



EFFECT or LKIHT ON THE MOVEMENTS OF TIIE KARTIIWOKM, 393 


the middle pieces were tested they showed the average moved angle 
6.47®. Thus the middle pieces showed a positive orientation weaker 
than the worms from which the preclitcllar portion was removed, the 
weakened degree of which may be expressed by -9.17® (6.47®-16.64®). 

When the jx^sterior pieces were tested they showed a positi\^c 
orientation which may be expressed by the average moved angle 
8.92®. 

Thus the angular value 8.92® which expresses the ix)sitivity of the 
posterior pieces shows an intimate approximation to the angular value 
-9.17® which exjiresses the weakened positivity of the middle pieces 
below the positivity of the worms from which the preclitcllar i,3ortion 
was removed. 

When the anterior pieces were tested they showed a negative 
orientation stronger than the unojxjrated worms, the strengthened 
degree of which may be expressed by -13.75®. 

The combined positivity of the middle and posterior pieces may be 
expressed by 16.39® (6.47®4-8.92®), and this value is appro.xirnately 
identical with the value 15.64® which expresses the positivity of the 
worms from winch the preclitcllar ix)rtion was removed. 

Thus the value -13.76® which expresses the strengthened negativity 
of the anterior pieces above the negativity of the unoperated worms 
shows a close approximation to the value 15.39® which expresses the 
combined positivity of the middle and posterior pieces or the positivity 
of the worms from Which the preclitcllar portion was removed. 

From the above relations, though some discrepancies are found, we 
may infer the following general relations : 

^1) When the worms are severed transversely a smaller number of 
the anterior segments containing the brain strengthen the degree of 
negative orientation and a larger number of the ix)sterior segments 
without the brain strengthen the degree of jx)sitive orientation. 

2) When the worms are severed transversely a larger number of 
the anterior segments containing the brain weaken the degree of 
negative orientation and a smaller number of the posterior segments 
without the brain weaken the degree of positive orientation. 

3) When degrees of the orientation are expressed by absolute 
angular values, the strengthened or weakened degree of the negative 
orientation of the anterior piece balances with the strengthened or 
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weakened degree of the positive orientation of the posterior piece. 

4) When the posterior piece is divided, the degree of the positive 
orientation of the whole piece balances with the sum of the degrees 
of the positive orientations of the divided pieces. 

Conclusions. 

1 . The worms show axially graded orienting reactions in move¬ 
ments against light. 

1. When only the prostomiiini is removed, the worms in which 
the brain is intact crawl forward and show movements nearly the 
same as random mov'ements. 

ii. When some anterior segments containing the brain are removed, 
the worms show several modes of movements. 

When the anterior 3-4 segments are removed, the worms can 
crawl either forward or backward and show the |X)sitive orientation. 

The removal of a larger number of the anterior segments shows a 
less pronounced positive orientation, a more pronounced negative orien¬ 
tation, a decreased frequency of posterior elongation, and an increased 
frequency of winding movements. 

When the anterior 32 or more segments are removed, the back¬ 
ward crawling ceases, and when the anterior 60 or more segments 
are removed (= jK)sterior half of the post-clitellar portion left), even 
the posterior elongation ceases. 

When the preclitellar portion is removed, the worms show random 
movements at the given angle 45**, and when the anterior 32 or more 
segments are removed, the worms sliow negative orientation at tjie 
gi\'en angle 46° and random orientation at a given angle smaller than 
90°, while at a larger given angle they show positive orientation. 

iii. When some posterior segments are removed, the worms crawl 
forward and the removal of a larger number of the ix)sterior segments 
causes a more pronounced negative orientation. 

2. From the above different movements, we can verify the follow¬ 
ing hypotheses. 

i. The brain causes negative orientation and inhibits posterior 
elongation as well as backward crawling. 

ii. In the ventral nerve cord we can distinguish 4 kinds of 



EFFECT OF LKiJlT 0\ TJIE MOV’’EMENl\S OF THE KAKTHWORM. 395 


ganglionic cells (?) of diflferent functions against light: 

The ganglionic cells (?) causing anterior elongation and forward 
crawb’ng. These cells (?) appear to be distributed through the whole 
length of the ventral nerve cord. 

The ganglionic cells (?) causing posterior elongation and backward 
crawling. These cells (?) appear to be distributed densely in the an¬ 
terior ix)rtion of the ventral nerve cord. 

The ganglionic cells (?) causing negative orientation. Tlicse cells 
(?) apixiar to be distributed through the whole length of the ventral 
nerve cord, but the distribution is less in the antcriormost portion. 

The ganglionic cells (?) causing positive orientation. These cells 
(?) appear to be distributed through the whole length of the ventral 
nerve cord, but the distribution is densest in the anteriorniost portion 
of the ventral nerve cord. 

3. When the worms are divided into 2 pieces, anterior and 
liosterior, the strengthened or weakened degree of the negative orien¬ 
tation of the anterior pieces balances with the strengthened or weakened 
degree of the ixxsitlve orientation of the posterior pieces. 

Chapter VIIL The influence of light upon 
regenerating worms. 

The object of the present e.xperiinents was to see what kind of 
orientation or phototaxis wijuld appear in the worms which showed a 
slight regeneration at the cut end. 

Experiment I. 

The experiment was carried on during the latter part of June. 
The worms in which the anterior 3-4 segments were removed were 
kept in a dark place and at intervals of from 67 to 87 hours after 
oixjration they were tested by placing them at the given angles 0“, 
45®, 90®, 135® and 180® under the influence of a horizontal light of 
100 meter-candles. 60 worms were tested at each given angle. As 
the control of the present experiment, those data, which were given 
in Chapter VI and in which the movement of the worms was tested 
immediately after the removal of the anterior 3-4 segments, were 
utilized. 
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Table 41. 



Given anj;les 

First 
move¬ 
ment at 
tail end 

Crawling 
Direct .with pre- 
forward ‘liminary 
crawling i move- 
‘ inent 

1 

Direct jDeitnitive 
backward! forward 
crawling j crawling 

J’ositive 

photo¬ 

taxis 

Negative 

photo¬ 

taxis 

rt 

X 

n 

M 

0’ 

78 

12 

18 

70 

22 

22 

78 

46* 

38 

84 

64 

12 

60 

62 

38 

90° 

61 

26 

32 

42 

41 

43 

66 

Hr 

S rt g 

185° 

36 

32 

48 

20 

68 

64 

32 

i ^ 
& 

180- 

68 

22 

„ - 

48 

SO 

46 

46 

44 

Average 

66 1 

26 

40 

36 

46 

47 

60 

4d 

00 D rr 

0° 


28 


62 

86 

34 

64 

46^^ 

62 

38 

26 

SO 

64 

60 

44 

90° 

04 

28 

24 

|“'48 

42 

42 

62 

Bi: 

5*” 

186° 

84 

66 

28 

1 16 

80 

30 

.70 

180° 

26 


22 

i 14 

84 

so 

68 


Average 

61 

43 

1 

22 

86 



1 60 


It may be seen in Table 41 that in general the frequencies of pos¬ 
terior elongation and of direct backward crawling are nearly equal in 
either case of tests, but the frequencies of direct and of definitive 
forward crawling are greater in the regenerating worms than in the 
worms just operated upon. In the same table the numbers of the 
positively and the negatively phototactic worms are given excluding 
the number of winding worms, and these values show that in general 
while the operated worms are regenerating the degree of negative 
phototaxis of them grows stronger. .In general the forward crawling 
worms show positive phototaxis and the backward crawling worms 
show negative phototaxis. 

The results of measuring the fourth angles (See Chapter I) are 
shown in Tables 42 and 43, both cases of forward and backward 
crawlings being united. 
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Taule 42. 



Given 

angles 

1 

0°-46® 

distribution of worms 

46'-90' |9l*-136'jl36“-180° 

Wind¬ 

ing 

Orientation 

Positive! 1 

1 ferent 1 live 

A 

X 

0® 

88 


2 


0 

74 26 

ill 

5 1 1 

45® 

94 

4 

0 


0 

86 10 4 

s from the 
nts made soon 
operation. 

90“ 

81 

12 

5 


1 

89 ‘ 2 8 

136* 

62 

26 

14 


4 

88 i 4 4 

180“ 

62 

16 

14 

! 8 

10 

88 2 

5 0“ 

5-- 

88 

6 

0 

4 

2 

82 16 

62 

24 

6 

2 

6 

58 : 8 28 

S' a 3 

i |s 

3 o 
* m S' 

90® 

40 

32 

i 10 

12 

6 

60 ' 18 16 

, 136® 

8 

34 

26 

32 

0 

64 10 . 26 


180“ 

26 

6 

I 18 

48 

2 

66 32 


In Table 42 the frequency distribution of the worms is given in 
percentage values. In the table the distribution of worms shows that 
in general the regenerating worms made occupied angles larger than 
those which were made by the worms just operated ujx)n, and in the 
part of the orientation it is seen that in general the degree of positive 
orientation was stronger in the worms just of^erated uix)n than in the 
regenerating worms. These facts show that in the regenerating worms 
the degree of negative orientation becomes increased in comparison witli 
the worms just operated ujx)n. 

The angular values in Table 43 show that in general the degree of 
ix)sitive orientation is weaker while the degree of negative orientation 
is stronger in the regenerating worms than in those just operated uix)n. 

To study the orienting difference between the forward and back¬ 
ward crawling worms Table 44 was made. In the table the following 
facts may be seen. 

1, The number of tracks of the worms which crawled forward is 
greater in the regenerating worms than in those just operated uix)n. 

2. The degree of positive orientation of the forward crawling 
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Tahle 43. 



Given 

anf;le.s 

Results from the experiments 
mode soon after operation 

Results from the experiments 
made after 67-87 hours. 


l3ccupicd angles 

Moved angles 

Occupied angles 

Moveti angles 

> 

0" 

in degrees 

18.06 

in degrees 

-18.06 

in degrees 

17.96 

in degrees 

-17.96 

< 

o 

i 

n 

g 

46* 

12.74 

.32.26 

.37.04 

7.96 

90* 

24.32 

... 

65.68 

66.60 

23.60 

3fq 

1S6* 

46.79 

88.21 

106.76 

28.24 


180* 

49.47 

1.30.63 

112.61 

67.49 


0" 

0.00 

0.00 

0.00 

0.00 


1 46* 

0.38 

.36.62 

24.40 

20.60 

fi 

1 

1 90’ 

23.06 

66.94 

64.17 

36.83 

186* 

46.46 

89.64 

98.80 

86.20 


180* 

49.47 

1.30.63 

112.61 

67.49 


0* 

18.06 

-18.06 

17.96 

-17.96 

(5 

46* 

48..36 

-3.36 

67.64 

-12.64 

90* 

01.26 

1 -1.20 

102..^3 

-12.33 

4 

ot 

136* 

136.83 

-1.33 

142.96 

-7.96 


180* 

180.00 

0.00 

180.00 

0.00 


worms becomes weakened while the worms are regenerating. 

3. However in the backw.ird crawling worms the po.sitivc orien¬ 
tation is nearly equally pronounced in either case tested immediately 
after operation or after 67-87 hours liave elapsed. This fact is 
probably due to the smaller degree of regeneration at the cut end. 

From Tables 41-44 we may conclude that even in the extent of 
the present degree of regeneration, the worms from which the anterior 
8-4 segments were removed are capable 1) to crawl forward though 
posterior elongation and direct backward crawling arc still frequent, 
and 2) to show a more pronounced negative orientation in comparison 
with the case tested immediately after operation. 
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TAHf.E 44. 


i 

1 C liven 

1 angles 

i 

i 

ItesuUs from the experiments 
mode soon after ot)eratirm 

Results from the cx|)criments 
made after 67-87 hours. 

Nuinljcr 
uf tr.ncks 

Number 
of wind- 
ing 
tracks 

Average 

occupied 

angles 

Average 

moved 

ang1e.s 

' 

Numlier 
i)f Irack.s 

Numl)cr 
of wind- 
ing 
tracks 

Average Average 
cx:cupi^; moved 
angle.s angles 

5 1 

0’ 

in % 

22 

in ^ 

0 

in degr. 

12.46 

in degr. 

-12.46 

i» 

36 

in % 

2 

in <lcgr. 

21.94 

in degr. 

-21.94 

3 O' 

46*^ 

60 


6.93 

38.07 

64 

6 


-6.76 

80“ 

41 

1 

17.08 

72.92 

42 

2 

76.06 

13.96 

p ^ 

H 

136® 

68 

4 

29.37 

106.63 

80 


117.96 


180“ 

46 


42.78 

187.22 

84 


119.60 

B 



78 

0 

19.04 

-19.64 

64 1 

0 

15.84 

-15.84 

§ S- 
S-CT 

2 

46° 

40 

0 

21.46 

23.66 

86 

0 

14.94 

30.06 



69 

0 

29,24 

60.76 

68 

4 

69.07 

.30.93 

W sr 

^ 2 

136° 

42 

0 

69.19 

66.81 

20 

0 

62.00 

73.00 



64 

10 

67.60 

122.60 

~7c“ 1 

2 

70.67 

109.43 


Expekiment IL 

The experiment was carried on during the middle [>art of 
The worms in which the preclitcllar portion was removed were kept 
in a dark place and at intervals of from 90 to 140 hours after oper¬ 
ation they were tested by placing them at the given angles 0“, 45®, 
90®, 135® and 180® under the influence of the horizontal light of 100 
meter-candles. As the control of the present experiment, those' data, 
which were given in Chapter VII and in which the movement of the 
worms was tested immediately after the removal of the preclitcllar 
|X)rtion, were utilized. 

In Table 46 it may be .seen that the frequencies of posterior elon¬ 
gation and of backward crawling become greater and the frequency of 
winding movements becomes smaller in the regenerating worms than 
in those just operated upon, and that in general while the operated 
worms are regenerating the degree of negative phototaxis of them 
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Table 45. 




First 
move¬ 
ment at 
tail end 

Direct 

forward 

crawling 

Crawling 
with pre¬ 
liminary 
ihove- 
ment 

Direct 

backward 

crawling 

Definitive 

backward 

crawling 

Winding 

move¬ 

ments 

Positive 

photo¬ 

taxis 

Negative 

photo¬ 

taxis 

if 

o* 

20 

so 

16 

4 

4 

60 

96 

4 

H 

8 S' 

46^* 

12 

84 

16 

0 

0 

72 

92 

8 

8i 

S 

3 


4 

94 

4 

2 

2 

60 

60 

40 


6 

90 

10 


0 

68 

84 

66 

l! 

180“ 

0 

98 

2 

0 


82 

2 

98 

H 

Aver¬ 

age 

8.4 i 

80.2 

9.6 

1.2 

1.2 

68.4 

66.8 

43.2 


44 

66 

26 

18 

1 

20 

82 

76 

24 

1 

• 46“ 

28 

72 i 

20 

8 

8 

20 

82 

18 

B| 

26 

74 

18 

8 

10 

80 

62 

48 



18 

82 

12 

6 

6 

28 

18 

82 

on 

8 i‘ 

? 1 
(II 

j ISO* 

12 

88 

10 

2 

2 

22 

2 

98 

i Aver- 

26.6 

74.4 

{ 17.2 

8.4 

1 9.2 

1 

IQQI 

Qg 

64.0 


becoms stronger. In the present experiment also the forward crawling 
worms showed in general positive phototaxis and the backward 
crawling worms showed negative phototaxis. 

The results of measuring the 6rst angles (Sec Chapter I and 
Chapter VII) are shown in Tables 46 and 47. 

In Table 46 the frequency distribution of the worms is given in 
percentage values. In the table it is seen that in comparison with 
those just operated upon the regenerating worms tend to make .smaller 
occupied angles at the given angles 0® and larger occupied angles at 
the given angles 90®, 136® and 180®, Moreover it is seen in \hc 
regenerating worms that at the given angles 90® and 136* the number 
of individuals which made occupied angles smaller than the correspond- 
ing given angle is nearly equal to that which made joccupied angles 
larger than the corresponding given angle, and that the worms nearly 
equally deviate from the given direction when they were placed either 
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Table 46. 



at the given angle 0“ or I HO®. These facts seem to show that while 
the worms are regenerating for a time the orientation becomes less 
pronounced and cuiiscciuently the worms sliovv random movements. 

The changes in the angular values are shown in Table 47. The 
following facts may be seen in the table. 

1. The negative occupied angles are nearly efjual or the negative 
orientation is nearly ecjually pronounced in cither case testeef im¬ 
mediately after operation or after 90-140 hours have elapsed. 

2 . The positive occupied angles become smaller or the positive 
orientation becomes less pronounced in the regenerating worms than 
in those just operated upon. 

3. In the regenerating worms the average moved angle nearly 
approaches to 0“ at the given angles 45®, 90® and 135®, and the 
positively moved angle at the given angle IHO® is nearly equal to the 
negatively moved angle at the given angle 0®. These facts suggest 
that the regenerating worms in the present experiment showed random 
movements. The larger value of the moved angles in comparison 
with the value in the worms imoperated upon is due to the larger 
angles caused by winding movements. 
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Table 47. 



Given angles 

Results from the cxijcrimcnts 
made soon after oiKjration. 

Results from the cx(jerlment.s 
made after 00-140 hours. 


Ocaipied angles 

Move<l angles 

Occupied angles 

Moved anglefi 



in degrees 

in degrees 

in degrees 

in degrees 


0“ 

35.06 

-35.06 

31.66 

-31.66 

< 

n 

3 

46" 

44.14 

0.88 

46.54 

-1.64 

■8 

S 

90" 

74.36 

16.64 

86.22 

.3.78 

cn 

136" 

110.78 

24.22 

134.46 

0.54 


180^ 

143.10 

86.90 

140.78 

.30.22 


0" 

0.00 

0.00 

0.00 

0.00 

I 

46" 

30.64 

14.46 

33.68 

11.82 

(i 

90^ 

61.20 

28.80 

70..32 

10.68 

1 

s 

136" 

100.64 

34.46 

123.64 

11.46 


180" 

143.10 

.^6.90 

149.78 

.30.22 


0" 

86.06 

-36.06 

81.66 

-31.56 

46" 

68.68 

-13.68 

87.86 

-12.86 

!-»• 

n 

90" 

103.16 

-13.16 

106.90 

-16.90 

1 

a 

136^ 

146.24 

-10.24 

146.92 

-10.92 

180" 

180.00 

0.00 

180.00 

0.00 


From Tables 46-47 \vc may conclude as follows. 

1. Even in the extent of the present degree of regeneration the 
worms from which the preclitellar ix)rtion was removed show more 
frequent backward crawling and less frequent winding movements in 
comparison with those just ofxirated upon, 

2. While the worms are regenerating at first the positive orien¬ 
tation becomes less pronounced and then the negative orientation 
becomes more pronounced. 

3. While the worms arc regenerating they show random move¬ 
ments for a time. 
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General Remarks. 

Kven in the early stage of regeneration, the worms from which 
the anterior 3~4 segments were removed showed a less pronounced 
positive orientation and a more pronounced negative orientation. This 
movement of the worms must be related to the functioning of the 
regenerating brain, because as has been found in Chapters VI and 
VII no nervous system other than the brain can produce such a 
negative orientation. 

The regenerating worms from which the preclitellar iX)rtion was 
removed showed less pronounced jmsitivc orientation and nearly equally 
pronounced negative orientation in comjxirison with those just operated 
upon. This movement of the worms just stated suggest that when 
the preclitellar jX)rtion was removed the nervous portion or brain 
which causes more a pronounced negative orientation is very slightl)' 
formed in such an early stage of regeneration. 

hVom the above statements the following relations may bi* noticed. 

1. When the smaller number of anterior segments were rcmo\'ed 
the brain regenerates more quickly than when the larger number of 
anterior segments were removed. 

2. The degree of orientation of the worms is determined by the 
antagonistic relations between the functioning of the regenerating brain 
and tliat of the regenerating ventral ner\’e cord. 

3. If in the jx)sitively orienting worms the [x>sitive orientation 
becomes less pronounced and the negative orientation becomes more 
pronounced, the worms ought to show random movements so long as 
both degrees balance each other. 

We may infer further the following relations in the same hypcHhesis 
as is stated in the above. 

Kven in the early stage of regeneration when the anterior 3-4 
segments were removed the worms tend to show an increased fre¬ 
quency of forward crawling because the quickly regenerating brain 
functions to cause forward crawling. But when the preclitellar |x>rtion 
was removed the regenerating worms tend to show an increasing 
frequency of backward crawling because the regenerating ventral nerve 
cord functions to cause backward crawling and the slightly regenerating 
brain does not function to inhibit backward crawling. 
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Occlusions. 

1. In the early stage of regeneration, in the worms from which 
the anterior 3-4 segments were removed, the frequency of negative 
phototaxis becomes larger, because the degree of negative phototaxis 
becomes stronger in the forward crawling worms, and even in the 
worms from which the prcclitellar portion was removed, the frequency 
of negative phototaxis also becomes larger, because the frequency of 
backward crawling away from the light becomes larger. 

2. In the regenerating worms the frequency of winding movements 
becomes smaller and the positive orientation becomes less pronounced 
than in the worms just operated upon. 

3. The function of the brain recovers inversely proportional to the 
number of anterior segments which were removed. 

4. The phototactic reactions, orienting movements and forward or 
backward crawling, are determined by the relative dominance of the 
antagonistic functioning of the regenerating anterior portions of the 
nervous .system, that is of the brain and of the ventral nerve cord. 

6. Con.sequently the regenerating worms show random movements 
so long as the degrees of antagonistic orientations of the brain and of 
the ventral nerve cord b.alance each other. 


Chapter IX. The phototactic antagonism between the brain 
and the ventral nerve cord. General conclusions. 

The unoperated worms usually show negative phototaxis, but 
sometimes the worms become positively phototactic for a time and 
then show random movements either when the worms were exposed 
to stronger light or fatigued (Chapters I, III and IV). Moreover the 
worni.s from which the prostomium was removed show also random 
movements when they are tested immediately after operation (Chapter 
VII). 

In testing the worms operated upon, wc have learned that the 
'^ain causes negative orientation and forward crawling (that is negative 
phototaxU), while the ventral nerve cord causes positive orientation 
(Chapters VI and VII), and whether the orientation of the operated 
worms will become positive or negative is determined by the functioning 
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of the nervous system (Chapters VII and VIII). It follows then that 
according to the degree of functioning of the brain, even the unoj:)er- 
ated worms may show random movements or positive orientation by 
the functioning of the ventral nerve cord. It is the purpose of the 
present experiment to ascertain further in regard to this antagonistic 
relation just stated. 

The experiment was carried on during the earlier part of August 
to see what kind of phototaxis would appear in the worms which 
were illuminated from the ventral side of the body. 

For the purpose of investigation a glass plate was used its frontal 
margin being lifted its surface making an inclination of 16® against the 
horizontal light from an electric lamp of 500 watts at a distance of 2 
meters. The frontal margin of the glass plate was shielded by a 
piece of woixl to prevent the light rays from coming over the glass 
plate. The worms unoperated upon were tested on moistened paper 
which spread over the upper surface of the glass plate at the 
given angles 0®, 46®, 90®, 136® and 180®. Thus the intensity of the 
light would be graded with the increasing distance from the light 
source, and though its degree was not determined, I may mention that 
in this case the intensity of the light inside the pai)er was sufficiently 
strong to read a book. 60 worms were tested at each given angle. 

No cases of jxTsterior elongation were observed in the experiment. 

The results of measuring the fourth angles (See Chapter I) are 
given in Tables 48 and 49. 


Table 48. 


Given angles 

0”-46” 

46”-90” 

0r-136° 

ise’-iso* 


72 

24 

2 

2 

46" 

46 

30 

16 

8 

90” 

12 

38 

38 

12 

136” 

4 

- - I 

1 30 

62 

00 

o 

o 

2 

2 

24 

72 


In Table 48 the frequency distribution of the worms is given in 
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percentage values. It may be seen in the table that at the given 
angles 45% 90® and 135® the number of individuals which made 
occupied angles smaller than the corresponding given angle is nearly 
equal to the number of individuals which made occupied angles larger 
than the corresponding given angle. Furthermore it may be seen that 
when the worms were placed at the given angles 0“ and 180® they 
deviate nearly equally from the given direction. Similar phenomena 
are observable also at the given angles 46® and 136®. These facts 
seem to show that when the worms were illuminated from the ventral 
side of the body they .show a kind of random movements. 

The changes in the magnitude of angles are shown in Table 49. 
In the table the po.sitively moved angles show the increasing magnitude 
while the negatively moved angles show the decreasing magnitude 
with the increasing magnitude of the given angle, and consequently 
the average moved angles .show that the given angle 90® causes 
random movements while the .smaller given angle cau.scs the stronger 
negative phototaxis and the larger given angle causes the stronger 
p(xsitive phototaxis. 

VVe may conclude from Table 48 and 49 that even worms unoper¬ 
ated upon, when the brain was le.ss stimulated than the ventral nerve 
cord, can show random movements from the antagonism between tlie 
functioning of the brain and of the ventral nerve cord. We may infer 
furthermore that when the pro.stomium was removed and the worms 
were laterally illuminated they can .show random movements at each 
given angle because the removal of the prostomium causes the feebler 
functioning of the brain to keep the balance with the functioning of 
the ventral nerve cord, but when the worms unoperated upon were 
illuminated ventrally the nervous portions function differentially accord¬ 
ing to the magnitude of the given angles and consequently the worms 
show random movements only at the given angle 90®. 

It i.s very interesting to quote Hess’s .statements (1924) on Lumbricus 
terrestris. His statements run as follows : “ If the ventral nerve cord 

IS severed between the fourth and fifth .segments, a rather peculiar 
'Condition,sjexists so far as the reactions of the.se animals to light is 
concerneci/ As a rule, these mutilated animals elevate the anterior 
portion of their bodies as they crawl, often as far caudal as the tenth 
segment, and when they do so the movements (reactions) are u.sually 
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Taule 49. 



Average 

Positive 

Negative 


Occupied 

angles 

1 Moved 
angles 

Occupied 

angles 

Moved 

angles 

dccupie<l 

angles 

iNloved 

angles 

0^ 

ill degrees 

8J.98 

1 in degrees 

1 -30.98 

in degrees 

0.00 

in degrees 

0.00 

in degrees 

30.98 

in degrees 

-30.98 

45" 

02.14 

-17.14 

i 

86.S8 

8.62 

70.76 

-25.76 

90" 

80.96 

0.04 

1 

74.88 

15.12 

106.08 

-15.08 

186" 

129.82 

! 6.18 

115.88 

10.12 

148.94 

-13.94 

180" 

148.74 

j .81.26 

148.74 

.81.26 

180.00 

0.00 


positive. If, however, the anterior portion of the body remains in 
contact with the substratum, the reactions are often negative. I'his 
condition is due to the fact that after the o|)eration the first four 
segments of the animal, that portion anterior to the incision, react 
negatively to such light while that portion jxxsterior to the incisi(^n 

react positiv'^ely.Some evidence of the double nature of 

reactions was observed in those worms described abo\^e in which both 
connectives were severed near the cerebral or the subpharyngeal 
ganglia. In such worms the pro.stomium and the first two segments 
appeared to turn negatively to light, while the ix)rtion ix)sterior was 
definitely positive. Worms in w^hich the ventral nerve cord was 
severed at the posterior edge of segments 8, 12, 15, 20, and 40, all 
reacted much the same to lateral illumination of 785 m.c. ;is when 
the cord w'as cut between segments 4 and 5. The general direction 
of movement for all of these worms was negative since the portion of 
the animal anterior to the incision was usually sufficient to control the 
direction in which the animal moved. The posterior portion of earth¬ 
worm, with the ventral nerve cord cut between segments 20 and 21 
or between 40 and 41, reacted much less positively than did those 
worms in which the cord was cut further anteriorly. As a matter of 
fact, the ability of the posterior portions of these worms to react 
(positively) appears to diminish directly as the distance of the incision 
from the cerebral ganglion of the animal.This leads us to 
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conclude that the cerebral ganglion is the controlling factor in negative 
reactions/’ 


General Conclusions. 

1. The orientation of the worms are determined by the antagonis¬ 
tic functioning of the brain and of the ventral nerve cord (Chapters 
VIL VIII and IX). 

2. The brain causes negative orientation and forward crawling, 
while the ventral nerve cord causes positive orientation crawling either 
forward or backward (Chapters VI, VII and VIII), 

3. By the predominate functioning of the brain, the longer ex^x> 
sure to light of stronger intensity causes the stronger negative photo¬ 
taxis (Chapters II, III and V), and the same intensity of light causes 
the strongest negative phototaxis at an elevation angle of about 25® 
(Chapter IV). 

4. The worms show a reaction against the after-effect of removed 
light (Chapter V). 

5. A longer ventral nerve cord causes a stronger positive orien¬ 
tation of the worms. The anteriormost portion of the ventral nerve 
cord causes the strongest positive orientation, and more posteriorly the 
positive orientation becomes less pronounced (Chapter VII). 

Here I beg to express riiy best thanks to Prof. Hatai for helpful 
advice and for kindly giving me access to his library. 1926. 
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Effect of Chemicals on Phototaxis in Allolohophora foetida 
(Sav.), and its Analysis Based upon the Antagonistic 
Relation between the Functionings of the Brain 
and of the Ventral Nerve Cord. 

Uv 

Kkitaro Nomura. 

1893 found that positive phototaxis In Polyf^orJius larvae 

and negative phototaxis in marine copepods could be reversed by 
means of changing the concentration of .sea-watcr. 

1904 Loeb also found that negative pliototaxis in freshwater 
crustaceans, GammaniSy Cyclops^ and Daphnia, was reversed by 
chemicals. " I pointed out,’* writes Loeh, that in all probability 
the light prcxluced chemical changes in the eye or skin of the animals, 
and that these changes were rcsix)nsiblc for the heliotropic reactions. 
It seems to me that if this were true it should be possible to control 

the hcliolropic phenomena very easily by chemical means.The 

fact that such substances as are produced in the animal tody itself, 
e. g., COj or other acids or ammonia, influence the reactions of the 
animals to light, may explain a number of peculiarities in the lieliotropic 
behavior which we have thus far not been able to understand. The 
fact that during the daytime the algae at the surface of lakes consume 
the COj, may contribute toward making these animals negatively 
heliotropic and thus forcing them to migrate ilownward.” 

1912 and 1914 Allee studied rheotaxis in isopods. “The 
rhcotactic reaction,” writes Allice, “is an expression of the metabolic 
condition (physiological state) of the isopod and may be controlled by 
these factors known to control animal metabolism.” 

1916 PniPPS studied phototaxis in amphipods, Gaminarns faciatus, 
Hyallcla knickerbockeri, and Eucrangonyx gracilis. “ Anything which 
di.sturbs the rate of metabolism of the animal,” writes Piiiits, “alters 
the response to .stimuli.” 

1916 Allen studied rheotaxis in Plnnaria doroioccphala. “ Re¬ 
versal of reaction from positive to negative,” writes Allen, “ can to 
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induced by changing the composition of the water; and from negative 
to positive by return to the former condition.** 

1918 Kanda studied geotaxis in Paramecium. “ So-called revers¬ 
ibility of the negative geotropism of Paramecium caudatum by chemicals/’ 
writes Kanda, is extremely doubtful. Mechanical ^shock* or agitation 
is chiefly responsible for the reversal one sees in such cases.” 

1919 Kanda studied phototaxis in Arenicola larvae. •‘These 
chemicals which produce artificial parthenogenesis in .sea-urchin and 
other eggs/* writes Kanda, “ have also a reversing effect on the 
hcliotropism of Areuico/a larvae.** 

The object of the present paper was to note the diflerential 
influence of chemicals on photic orientations in the brain and the 
ventral nerve cord of Allolobophora foetida found in Sendai (Sasaki, 
1924), and to throw, if ix)ssible, some light on the investigation of the 
nature of reversal phototaxis. 

For the purpose of investigation, hydrochloric acid, potassium 
cyanide, strychnine, stiychniiie nitrate, and strychnine .sulphate were 
used, and for each chemical two kinds of experiments were carried 
on, one to test the movements of worms from which the anterior 4-6 
segments were removed, and the other to test the movements of 
worms which were not operated upon. 

Each fresh worm was washed in drinking water, after being 
submerged in a solution of chemicals for a definite duration, and then 
the anterior 4-6 segments were removed, if this operation were needed. 
In both the cases of operation and of non-operation, a \<*/o aqueous 
solution of methylene blue was applied to the worm, and then the 
worm was placed on a jxtper which was previously well moistened 
and spread over a glass plate, its body being straightene at right 
angles to the light rays coming from an electric lamp of 1000 watts 
which was put at a distance of 2 meters and at an elevation angle 
of 26* from the middle of the glass plate. Methylene blue stamped 
precisely the track of the worm on the surface of the paper (Herms, 
1911). 

The definition of positive and negative phototaxis, of positive 
and negative orientation, of the average, positive, and negative occupied 
.angle, of the average, positively, and negatively moved angle, as well 
as of the given angle, were made according to Nomura (1926)- In 
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■the present investigation the magnitude of the given angle was invariably 
'90*- Let the total number of individuals which were tested be /, the 
inumber of individuals which showed ^x)sitive orientation or occupied 
angles smaller than 90® be /, and the number of individuals which 
showed negative orientation or occupied angles larger than 90* be n. 
Then 

Average The sum of the angles occupied by / individuals 

occupied angle** / “ 

Positive 'The sum of the angles occupied by p individuals + 
occupied angle”* / 

Negative angles occupied by // individuals -j- 90°/ 

occupied angle*“ ^ . 

Average. _ Positive Negative 

occupied angle occupied angle^ occupied angle. 

The direction or the orientation of the crawl was determined at 
two points of the track: one at the point of the track intersected by 
the circumference of a circle of 5 cm. radius and the other at the 
point of the track intersected by the circumference of a circle of 10 
cm. radius, the common center being located at the point of origin 
of the crawl. The former angle is called for convenience the 5^:;;/. 
an^/e and the latter the to cm. angle. When the worm crawled 
forward the point of origin of the crawl was located at the anterior 
end and when it crawled backward at the posterior end of the body. 

The arrangement of .subjects is as follows; 

Chapter I. The effect of hydrochloric acid. 

Chapter II. The effect of potassium cyanide. 

Chapter III. The effect of strychnine. 

.Chapter IV. The effect of .strychnine nitrate. 

Chapter V. llic effect of strychnine sulphate. 

Chapter Vi. Summary and general conclusions. 

Chapter I. The effect of hydrochloric acid. 

Freshwater Cyclops. 

Loeb (1904). Cyclops can be made energetically positively 
heHotropic by CO, or any of the other acids effective in Gammanis. 
^Positively heliotropic Cyclops ar£ made negatively hcHotropic by NallO.’* 

Daphnia. 
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Loeb (1904). “I have not yet made many experiments with* 
Daphnia, and can thus fur only state that they can be rendered very 
outspokenly |X).sitively heliotropic by CO^ or any other acid or by 
ethylacetatc.’’ 

Moore (1912a). “It has been shown by LoEfi that the rays 
of a Hekaeus mercury arc cause Balanus larvae and Daphnia to 
become negatively phototropic. This effect is due principally to the 
ultra-violet rays given off by the mercury lamp,.Furthermore, 

1 found that the negative effect of ultra-violet light disappears when 
acids, especially COj, are added in small quantities to the water 
containing the Daphnia while the latter are undergoing exposure to 
the ultra-violet light. If the negative collection is allowed to fornj, 
and then to the 20 cc. of water containing the animals there be added 

2 cc. of carbonated water, a complete positive collection of the Daphnia 
at once occurs and remains for ten to thirty minutes, after which 
they may again become negative. The same effect may be produced 

by substituting 1 cc, N/10 HCl for the carbonated water.It is 

evident, howev'cr, that the acids which Loer found would cause 
Daphnia to become positive to visible light, arc effective in making 
these animals positive to the ultra-violet light.'" 

Cypridina. 

Kanda (1919) found that negatively strong phototaxis of Cypridina 
could be made positive by HCl or lioSO^ solution. 

Nauplii of Balafius perforatns, 

Ewald (1912) “I found that the mineral acids HCl, HjSO^ 
and HNOs a pexsitivating effect, but that the effective concentration 
had very narrow limits." 

Moore (1912a) obtained the same results as in Daphma. 

Gammarus pnlex. 

Loeb (1904). “ Gatmnarus pulcx is naturally negatively helio¬ 
tropic.If GOg is allowed to bubble through the water, or if 

the animals are thrown into water previously charged, with COj, they 
become at once outspokenly positively hcliotropic. Other acids, c. g., 
HCl, or oxalic or acetic, act in the same way. A concentration of 
about m/500 is sufficient for this effect." 

Hyallela kntckerbockcri, 

Jackson (1910) obtained similar results to those of Loeb (1904), 
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on Gatnmants pnlex. 

Nymphs of Heptagcnia inteypunciatu. 

WoDSEDALEK (1911)^ “Of the different classes of chemicals 
employed the acids were the most effective in reversing tlie pliototaxis 
of //. intcrpunctata nymphs. A large majority, and in some cases 
all of the twenty specimens became positive in the acid solutions. 
When COj was bubbled through the water, again, a large percentage 
of the specimens became positive. The concentrations sufiicient for 
this effect with the different acids used arc, — HCl 0.04 9^, tartaric 
0.04961 IINOg 0 . 0 ^ 396 , ILSO^ 0 . 0396 , boracic 0.0596, and acetic 

•0.0796/^ 

Arcnicola larvae. 

Kat«da (1919). “In 0.0036m. IICl solution made with sea¬ 
water, about 80 9^ of the larvae became negative and in similar solutions 
of H 2 SO 4 about 9596 became negative 15 minutes after the treatment 
at 2rC.*’ 


A 1/100 normal .solution of IICl was used in the present inves¬ 
tigation on Allolobophora foctida. 

When the worms were submerged in this solution, they showed 
convulsion, which continued for 8 or more seconds. In some worms 
7 seconds were sufficient to cau.se convulsion, while in others even 
30 seconds were not enough, though in most cases the worms began 
to convulse at durations of submergence from 11 to 17 seconds. 

After an elap.se of 3-6 seconds from the beginning of convulsion, 
most of the worms began to eject hy|X)dermal .secretion, but in some 
cases the ejection occurred previous to, or at the same time with, 
the beginning of convulsion. 

A longer duration of submergence caused a stronger contraction 
of circular muscle, a stronger relaxation of longitudinal muscle, and 
more frequent posterior movements of the worms, but all the w'ornis 
could definitively crawl forward for a requisite distance even when 
.they were submerged in the solution fur 40 seconds. 

THE MOVEMENTS OF UNOPERATEO WORMS. 

Eight tests in which worms were submerged individually in a 
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definite solution of HCl for a duration of 0, 6, 10, 16, 20, 26, 30, or 
40 seconds were carried on during the middle part of August in the 
dark room, the temperature of which was 28.6*~26.8®C., and for each 
test 60 worms were used. 

When the worms were submerged for 46 seconds, they showed 
wriggling or sc]uirming movements and some of them could not perfectly 
describe their tracks. 

The orienting or the phototactic movements of the worms are 
shown in Tables 1 and 2. 


Table 1. 


• )!)uration 
of 

SiUbmergencc 


1 

5 cm. angles | 

1 

10 cm. angles 

0“-80* 

j 8r~99^ 

10(r-180" j 

(y-80® 

8r-99® 

100'-180* 

0 sec. 

6 

i 9 

36 1 

7 i 

5 

88 

S sec. 

7 

11 

n 1 

8 

7 

86 

10 sec. 

10 

9 

81 ' 


6 

88 

16 sec. 

10 

10 

SO 

12 

6 

82 

20 sec. 

11 

: » 

so i 

11 

9 

80 

26 sec. 

12 

1 10 

28 ; 

12 i 

11 

27 

SO sec. 

10 

i 11 

29 1 

J1 

7 i 

82 

40 sec. 

6 

i 7 

88 1 

9 

6 

86 


In Table 1 the frequency distribution of the worms is given in 
absolute numbers in the angular sections 0*-80'’, 81®~99^ and 100®- 
180®. In this table it may be thought in general that the number of 
pasitively orienting individuals is given in the section 0®-80®, the number 
of negatively orienting individuals in the section 100®~180®, and the 
number of indistinctly or indifferently orienting individuals in the section 
81®-99®. The following facts may be seen in the table : 

1 . In both the 6 cm. and the 10 cm. angles, the increase of 
the number of seconds from 0 to 25 causes the gradual decrease of 
the number of negatively orienting individuals, while the increase of 
the. number of seconds above 26 causes the gradual increase. This 
fact shows that when the worms are submerged in the solution for a 
longer duration the degree of negative orientation in the worms becomes 
weaker, but a duration of submergence longer than 26 seconds makes 
the degree stronger again. 

2. In the 6 cm. angles, the number of positively orienting 
individuals tends to increase with the increase of the number of seconds. 
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from 0 to 25, but it decreases when the number of seconds increases 
from 25 to 40. In the 10 cm. angles, the increase of the number of 
seconds from 0 to 10 or 15 causes the gradual increase of the number 
of positively orienting individuals, while the increase of the number 
of seconds from 26 to 40 causes the gradual decrease of the number 
of positively orienting individuals, and the increase of the number of 
seconds from 10 or 16 to 25 causes no distinct alterations of the 
number of positively orienting individuals. From these facts wq may 
conclude that when the worms are submerged in the solution for a 
duration from 0 to 16 or more seconds the degree of positive orienta¬ 
tion yi the worms becomes stronger with the increase of the number 
of seconds, while the degree becomes weaker again when the number 
of seconds increases from 26 to 40. 

3. In both the 5 cm. and the 10 cm. angles, the number of 
negatively orienting individuals is invariably greater than the sum of 
the numbers of iX)sitively and of indifferently orienting individuals, 
showing that even when the worms are submerged in the solution of 
HCl for any duration they exhibited negativ^e orientation as a whole. 

In Table 2 the changes in the magnitude of the occupied angles 
are shown and from this table Fig. 1 was plotted in order to sec 
easily the state of the changes. The following facts may be seen in 
the figure: 

1. In both the 6 cm. and the 10 cm. angles, the magnitude of 
the negatively moved angle is invariably greater than that of the 
corresponding positively moved angle, consequently the average moved 
angle shows the negativity of the worms which were not operated upon. 

2. The increase of the number of seconds from 0 to 25 causes 
a slower decrea.se of the magnitude of the average, as well as of the 
negative, occupied angles, but the increase above 26 causes a quicker 
increase of the magnitude of the.se angles. A similar tendency of 
changes may be seen also in the positive occupied angles, though in 
this case the magnitude of these angles show only a slight alteration. 
We may infer that the changes in the average angles arc mainly 
influenced by the changes in the negative angles. 

From Tables 1 and 2 we may conclude that when the worms arc 
submerged in the 1/100 normal solution of HCl and when they are 
not operated upon, their degree of negative orientation becomes weaker 
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Table 2. 


Duration 

of 

submergence 

5 cm. 

angles in degrees 

10 cm. 

angles in degrees 

Positive 

Average 

Negative 

Positive 

Average 

Negative 

0 sec. 

! 86.04 

116.40 

121.36 

83.18 

124.24 

131.06 

5 sec. 

! 84.88 

112.48 

117.60 

82.26 

122.44 

130.18 

10 sec. 

1 82.98 

109.00 

116.02 

82.92 

121.20 

128.28 

15 sec. 

82.64 

1 109.48 

116.84 

81.62 

116.26 

124.64 

20 sec. 

82.54 

108.62 

116.08 

82.00 

116.02 

124.02 

25 sec. 

82.64 

107.76 

116.12 

81.26 

114..36 

123.10 

30 sec. 

82.08 

114.52 

122.44 

81.74 

123.46 

131.72 

40 sec. 

84.04 

128.60 

1»5.66 

83.70 

131.34 

137.64 


0 5 10 1 5 20 25 30 40 

Seconds 



l^'i’t;. 1. 'ri»e given angle 90’’ or the moved angle 0° is denoted by the horizontal 
line 90®-0% and the moved angles upward from this line show the positively 
and those downward the negatively moved angles. The tracings of the 
average angles arc denoted by the thicker lines, and those of the positive 
and negative angles by the thinner lines. The tracings of the 5 cm. angles 
are denoted by the broken lines and those of the 10 cm. angles by the full 
lines. All the figures in this paper, except 3» 6» 0» 12) and 15) are plotted 
in the same way. 


slowly with the prolongation of the duration of submergence from 0 
to about 26 seconds, but when the duration of submergence is prolonged 
beyond this, it becomes stronger again. 
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THE MOVEMENTS OF OPERATED WORMS. 

Five tests were carried on during the latter part of August at 
durations of submergence of 0, 10, 20, 30, and 40 seconds, and in 
each test 25 worms were used. The temperature in the dark room 
was also 26.r>®-26.5®C, 


Table 3. 


Duration 

of 

6 cm. angles j 

10 cm. 

angles 

suhinerjjence 

Forward 

‘ Backward j 

Forward 

Backward 

0 !>CC. 

9 

1 16 

10 

16 

10 see. 

12 

13 

11 

14 

20 sec. 

5 

i 20 

5 1 

20 

80 sec. 

10 

15 

9 ! 

16 

40 sec. 

7 

1 18 

7 

18 

Average 

S.fi 

i 16.4 ! 

! 

8.4 

j 16.6 


'Fhe absolute numbers of forward and backward crawling individuals 
arc given in Table 3. From this table I am not able to find any 
regularities in the arn'ingemcnt of numbers, but I may mention that 
nearly 1/3 of the worms crawled forward, while nearly 2/3 of them 
crawled backward, irrespective of the duration of submergence. 

The absolute numbers of positively, indifferently, and negatively 
phototactic individuals are given together in Table 4. In this table 
the forward crawling individuals which made the occupied angles 
from 0° to 80®, as well as backward crawling individuals which made 
the occupied angles from 180® to 100®, are taken as the positively 
phototactic individuals ; the forward crawling individuals which made 
the occupied angles from 100® to 180®, as well as the backward crawling 
individuals Avhich made the occupied angles from 80® to 0® as the 
negatively photoLactic individuals; and the remaining, forward or back¬ 
ward crawling individuals as the indifferently phototactic individuals. 
From this table, also, I am not able to find any regular arrangements 
of the numbers of individuals, but I may mention that the number of 
individuals which crawled backward toward the light (positively pho- 
lotactic, but negatively orienting) tended to increase according to the 
prolongation of the duration of submergence, while the number of 
individuals which crawled backward away from tlic light (negatively 
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Table 4. 



^ f 

Positive Phototaxis 

Indifferent Phototaxis 

Negative Phototaxis 


Forward 

crawling 

0“-80^ 

Backward 

crawling 

180^-100* 

Sum 

Forward 

crawling 

8r-99® 

Backward 

crawling 

99^-81® 

Sum 

Forward 

crawling 

lC(f-18lP 

Backward 

crawling 

80*-0" 

Sum 


0 sec. 

7 

1 

8 

1 

j 

2 

1 

14 

16 


lO 8ec. 

11 

2 

18 

0 

1 

1 

1 

10 

11 


20 sec. 

4 

4 

8 

0 

8 

3 

1 

13 

14 

80 sec. 

8 

4 

12 

0 

8 

8 

2 

8 

10 

E 

V 

40 sec. 

8 

6 

9 

0 

8 

3 

4 

9 

13 

kC 

Average 



10.0 



2.4 



12.6 

10 

0 sec. 

7 

0 

7 

1 

1 

2 

2 

14 

16 

10 sec. 

11 

2 

13 

0 

1 

! 1 

0 

11 

11 

1 

20 sec. 

4 

8 

7 

1 

4 

1 ^ 

0 

13 

18 


30 sec. 

9 

4 

18 

0 

4 

1 4 

0 

8 

8 

i 

40 sec. 

8 

10 

13 

1 __ 

0 

! 1 

i ' 

4 

7 

11 

o 

Average 



10.0 


1 

t 

1 

1 2.6 



11.8 


phototactic, but positively orienting) tended to decrease, and that the 
degree of negative phototaxis in the worms which were operated upon 
was pronounced nearly equally to, or slightly stronger than, the degree 
of positive phototaxis. 

The orienting movements of the worms which were operated upon 
are shown in Tables 5 and 6. 


Table 5. 


Duration 

of 

6 cm. angles 

10 cm. angles 

submergence 

0®-80* 1 

8r~99® 

.100M8(P 

0®-80° 

81“-99’’ 

lOOMSO® 

0 sec. 

21 • 

2 

2 

1 21 

2 

2 

10 sec. 

20 

2 

1 ^ 

i 20 

3 

2 

20 sec. 

17 

5 

3 

! 17 

5 

3 

30 sec. 

17 

.8 

4 

. 17 

4 

4 

40 sec. 

13 

2 

10 

10 

1 

14 


• In Table 6 the frequency distribution of the worms is shown in 
absolute numbers. The following facts may be seen in this table: 

In both the 6 cm» and the 10 cm. angles, the increase of the 
number of seconds causes the decrease of the number of positively 
orienting individuals (section 0®-80®) and the increase of the number 
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Taijle (). 


TXiralion 5 cm. angles in degrees 10 cm. angles in degrees 


submergence 

Positive i 

1 

Average 

Negative | 

Positive 

Average 

Negative 

0 sec. 

44.94 ! 

47.72 

92.78 i 

38.28 

41.20 

92.92 

10 sec. 

50.28 I 

52.10 

91.88 ! 

89.20 

42.24 

93.04 

20 sec. 

55.04 1 

00.60 

95.52 1 

48.08 

63.76 

95.08 

30 see. 1 

57.44 , 

71.16 

i 103.72 j 

52.80 

66.84 

104.04 

40 sec. 

1 

06.84 ! 

88.64 

1 111.80 

66.64 

V6.92 

120.28 


Fig. 2. 


00 “ 


50“ 

40“ 

30“ 

20 “ 

10 “ 

0 “ 

10 “ 

20“ I 

'Z 
30“ 

0 10 20 30 40 

Seconds 

of negatively orienting individuals (section 100“~180**). 

2 . In both the 5 cm. and 10 cm. angles, the number of [xjsitively 
orienting individuals is greater than that of negatively orienting individ¬ 
uals at durations of submeigence of 0, 10, 20, and 30 .seconds, but 
at 40 seconds the number of negatively orienting individuals becomes 
close to, or greater than, that of positively orienting individuals. 

In Tabic 6 the changes in the magnitude of the occupied angles- 
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are shown and from this table Fig. 2 was plotted. The following 
facts may be seen in the figure: 

1. In both the 6 cm. and the 10cm. angles, at durations of 
submergence shorter than 30 seconds, the magnitude of the positively 
moved angle is larger than that of the corresponding negatively moved 
angle, consequently the average moved angle shows the positivity 
of the worms which were operated upon, but at the subliiergencc 
of 40 seconds the difference between the positively and the negatively 
moved angles becomes small, consequently the average moved angle 
shows that the orientation of the worms is obscure or indeterminable 
in this case. 

2. In both the 6 cm. and the 10 cm. angles, the magnitude of 
the positively moved angle or the jxjsitivity of the worms decreases 
with the prolongation of the duration of submergence, while the magni¬ 
tude of the negatively moved angle or the negativity of the worms 
increases. In consequence, the magnitude of the average moved angle 
shows an accelerative decrease of the positivity of the worms, till 
finally, at the duration of submergence of 40 seconds, the orientation 
of the worms becomes obscure or negative. 

From Tables 5 and 6 wc may conclude that when the worms are 
submerged in the 1/100 normal solution of IICI and when they are 
operated upon, their degree of positive orientation becomes weaker 
with the prolongation of the duration of submergence, and, in turn, 
their degree of negative orientatkm becomes stronger. Moreover, from 
this relation and from Table 4, we may infer that the solution of IICI 
weakens the [jositivcly orienting functioning of the ventral nerve cord, 
while it does not influence so much the negatively orienting function¬ 
ing, consequently, in the ventral nerve cord the negativity increases 
according to the prolongation of the duration of submergence, while 
the positivity decreases. 

THE CHANGES OF NEGATIVITY IN THE BRAIN. 

In my previous paper (Nomura, 1926) it was concluded that the 
photic orientation of Allolobophora foetida was determined by the 
antagonism between the functionings of the brain and of the ventral 
Jierve cord. 
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Now let the degree of photic orientation of the worms be yl, the 
degree of negative orientation which is exhibited by the functioning of 
the brain be N, and the degree of positive orientation wliich is ex¬ 
hibited by the functioning of the ventral nerve cord he P, Then from 
tile antagonistic relation we find the equation 


Fu;. 3. 



Seconds 


Fig. a. I'he tracings of the 6 cm. angle.H are denoted by the broken lines and thtise 
of the 10cm. angic.s by the full lines. Figs. 6, 9, 12, and 16 are plotted in* 
the same way. 
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Table 7. 


Duration 

of 

submergence 

6 cm. 

angles in degrees 

10 cm. 

angles in degrees 

J’ 


jsr 1 

P 


N 

0 sec. 

47.72 

lie.40 

158.68 

41.20 

124.24 

178.04 

10 sec. 

fi2.T6 

109.00 

146.84 

42.24 

121.20 

168.96 

20 sec. 

60.66 

108.62 

138.06 

53.76 

116.02 

152.26 

80 sec. 

71.16 

114.52 

133.36 

66.84 

123.46 

146.62 

40 sec. 

88.64 

128.60 

129.96 

96.92 

131.34 

124.42 


in which 90’ is the magnitude of the given angle in the present 
experiments. 

The values of A arc directly the magnitudes of the average occu¬ 
pied angles made by the worms which were not operated upon, and 
the values of P may be assumed in probable approximation to be the 
magnitudes of the average occupied angles made by the worms which 
were operated upon. Then from the data given for the operated and 
the unoperated worms, 'wc may calculate the probable values of N. 

In Table 7 the values of P, A and N are given together, and 
from this table Fig. 3 was plotted in order to see easily the state of 
the changes. It may be seen in the figure that when the worms are 
submerged in the 1/100 normal solution of IICI, the degree of negative 
orientation which is exhibited by the brain becomes weaker with the 
prolongation of the duration of submergence. 

It is worthy of note that the degree of negative orientation in the 
unoperated worms becomes more pronounced with the prolongation of 
the duration of submergence from about 25 to 40 or more seconds, 
because the degree of negative orientation becomes more pronounced 
(Tables 4, 6, and 6) in the ventral nerve cord, in spite of the degree 
of n^fative orientation becoming less pronounced in the brain. 

CONCLUSIONS. 

1. In the ventral nerve cord, HCl causes an accelerative weaken¬ 
ing of the ix)sitively orienting functioning and, in turn, a strengthening 

• of the negatively orienting functioning. 

2. In the brain, HCl causes a weakening of the negatively 
-ori<;nting functioning and a weakened inhibition of the elongation of 
.the posterior end of the body. 
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3. In consequence, in worms HCl causes a retardative weakenii^ 
at first and then an accelerative strengthening of the degree of negative 
orientation or phototaxis, and a more frequent elongation of the 
posterior end of the body. 

Chapter II. The effect of potassium cyanide. 

1904 Loeb studied phototaxis in Cammarus pulcx. “ Pure oxygen 
or hydrogen,*' states Loeb, ** does not make them positively heliotropic, 
but leaves them markedly negatively heliotropic.** 

1912 Evvald .studied phototaxis in the nauplii of Balanns perfo- 
ratus, “ I^ck of oxygen,** writes Kwald “ has a very strong effect 
on phototaxis. If nauplii arc put in .sea-water which has Ijeen evacu¬ 
ated for a few minutes by means of a filter pump (at about 300 mm. 
of mercury pressure) they become positive immediately and remain so 
as long as they are left in the Avater. Transferred into fresh water 
they became negative again with ecjual velocity. This is one of the 

strongest and most striking reaction.Experiments with potassium 

cyanide, strychnine, oxygen and hydrogen peroxide met with no 
success.** According to this statement, lack of oxygan did not show 
the same results as ix)tassium cyanide. 

1912 Allee studied rheotaxis in isopods. Potassium cyanide," 
writes Allee, “ is known to decrea.se the amount of oxidation by 

decreasing the ability of the tissue to take up oxygen.Low 

o.xygen (Haldane and Smith) potassium cyanide (Geppekt) and high 
carbon dioxide (Cusiinv) do this (depression of the rate of animal 

metabolism) by decreasing the oxidations.The general conclusion 

to be drawn from this .series of experiments is that in the isopod, 
Asellus communis^ the rheotactic reaction is dependent upon the 
metobolic state of the animal for its degree of positivencss and that 
the natural or experimental conditions which affect the metabolic 
state of the animal, change its rheotactic respon.se.** 

1915 Phipps certificated Allee's view in the .study of Gatnmarns 
Hyallela^ and Eiicrangmyx. “ In these exi^eriments on amphipods then, ** 
writes Phipps, ‘‘the reversal reaction.s are caused by some change in 
the metabolic processes of the animals. KCN depresses the metabolic 
j>rocesse.s by decreasing oxidation. Oxidation is decreased by decreasing 
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the ability of the tissues to take up oxygen.Such reagents and 

treatment are known to have specific effects on metabolism and they 
also cause reversals in phototaxis, therefore the responses are related 
to the metabolic rate of the animal.*’ 

1919 Kanda studied photobixis in Arenicola larvae. “Lillie 
oberved,” writes Kanda, “ one curious effect in larvae treated with 
one fourth and one fifth saturated solution of chloroform in sea-water; 
when the larvae, after about two hours in corked flasks containing 
these solutions, were poured out into watch glasses the great majority 
were found, after three or four hours (wlien the chloroform had 
evaporated), to exhibit a pronounced negative phototaxis in place of 

the usual positive.As was jjointed out in his previous pa[)er, 

the writer found a similar phenomenon in the larvae treated with 
.sexlium, potassium, calcium and magnesium chloride solutions when 
they were returned into normal sea-water. This was particularly 
remarkable in the larvae treated with the last two solutions during 
the actual immersion in which there was never any reversal of posi¬ 
tive heliotropism.In the present experiments, the same phenom¬ 

enon was also found in larvae treated with .salts, narcotics—chlorofornv 
chloral and formalin in particular—.strong alkalies, potassium cyanide, 
etc. As already .shown, most of these chemicals were not favorable 
agents for the reversal of the positive heliotropism of the larvae. 
Moreover, in some cases, KCN, for instance, the larvae remained 
positive or indifferent to light while in presence of the chemical 
substance (dissolved in normal .sea-water). Neverthelc.ss the ‘ after¬ 
effect ’ was pronounced. That is to .say, almost all larvae became 
negative when returned to normal sea-water. Such facts are consistent 
with the hy|X)the.sis that the.se chemicals act by changing in some 
way the normal properties of the plasma membranes of the irritable 
elements ccAicerned, so that a certain time is required to recover 
normal conditions after return to normal sea-water.” 

1924 Bodine studied physiological actions of cyanides. “ The 
pliysiological actions of HCN and its salts,” writes Bodine, “ appear 
to be due (a) to the ease with which HCN molecules penetrate 
living cells and their ionizing, exert their influence by means of H 
ions and CN ions; (b) to the weakness of HCN as an acid, which 
permits at neutrality or at even slight alkalinity the presence of a 
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considerable amount of free HCN molecules in the presence of their 
salts; (c) to specific effects occasioned by its chemical activity.** 

In my present experiments a 1/7 normal solution of KCN was 
used. 

When the worms were submerged into this solution, they showed 
convulsion which continued for 10 or more seconds. In some worms 
f5 seconds were sufficient to cause convulsion, while in others even 35 
seconds were not enough, though in most cases the worms began to 
convulse at durations of submergence from 18 to 25 seconds. 

Tlie ejection of hypodermal secretion, which is insoluble in the 
solution and gives a peculiar fetid odor, occurred previous to, at the 
same time with, or after, the beginning of convulsion. 

A longer duration of submergence caused a stronger contraction of 
circular muscle, a stronger relaxation of longitudinal muscle, a more 
frequent posterior elongation which often took turns with backward 
crawling, and an increased amount of slimy hypodermal secretion, 
which stains deeply with methylene blue. 

THE MOVEMENTS OF UNOPERATKl) WORMS. 

Five te.sts were carried on during the latter part of August in the 
dark room, the temixirature of which was 25.5‘*--26.5°C. and at eacli 
test 60 worms were used after being submerged individually in a 
definite solution of KCN for a duration of 0, 10, 20, 30, or 35 seconds. 

At durations of submergence of 0, 10, 20, and 30 seconds all the 
worms definitively crawled forward. At a duration of submergence 
of 35 seconds, when they were tested at the 5 cm. angles, 36 individ¬ 
uals crawled forward while 14 crawled backward, and when they 
were tested at the 10 cm. angles, 38 individuals crawled forward 
while 12 crawled backward. But at a duration of submergence of 40 
seconds, nearly all the worms could crawl neither forward nor back¬ 
ward owing to the irresponsibility which occurred in the longer posterior 
portion of the body. 

The orienting movements of the worms are shown in Tables 8 
and 9. 

In Fable 8 the frequency distribution of the worms is shown in 
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absolute numbers. The following facts may be seen in this table: 

1. In both.the 5 cm. and the 10 cm. angles, a prolongation of 
the duration of submergence causes a decrease of the number of 


Table 8. 


Duration 

of 

Mibmcrgence 

5 cm. angles 

* 10 cm. allies 

0*-8(r 

8l*-W 

KHr-iso* 

0*-80* 

81‘»-99“ I 


0 sec. 

5 

9 

35 

7 

5 

38 

10 sec. 

0 

9 

35 

11 

4 

35 

20 sec. 

11 

8 

81 

11 

5 

34 

30 sec. 

17 

9 

24 

17 

5 

27 

35 sec. 

22 

9 

19 

1 

20 

8 

22 


negatively orienting individuals (section 100*-180*) and an increase of 
the number of positively orienting individuals (section 0*-80®). 

2. In both the 6 cm. and the 10 cm. angles, the number of nega¬ 
tively orienting individuals is greater than that of positively orienting 
individuals at durations of submergence from 0 to 30 seconds, but at 
36 seconds the number of negatively orienting individuals becomes 
close to that of positively orienting individuals. 

In Table 9 the changes in the magnitude of the occupied angles 
arc shown and from this table Fig. 4 was plotted. The following 
facts may be seen in the %ure: 

1. In both the 5 cm. and the 10 cm. angles, at a duration of 
submergence shorter than 30 seconds, the m^nitude of the negatively 
moved angle is invariably larger than that of the corresponding posi¬ 
tively moved angle, consequently the average moved angle shows the 
negativity of the worms which were not operated upon, but at a 
duration of submergence longer than 30 seconds the difference between 
the negatively and the positively moved angles becomes snuller, con¬ 
sequently the average moved angle shows an indeterminabie, or a 
slightly negative, orientation. 

2. In both the 5 cm. and the 10 cm. angles, following the prolon¬ 
gation of the duration of submergence from 0 to 80 seconds, the 
magnitude of the positively moved angle or the positivity of tlic worms 
tends to increase acceleratively, and the magnitude of the negatively 
moved angle or the negativity of the worms tends to decrease also 
acceleratively, consequently, the magnitude of the average moved angle 
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shows an accelerative decrease of the negativity of the worms, but 
following the prolongation of the duration of submergence above 30 
seconds the magnitude of the ixjsitively moved angle increases retard- 
atively and that of the negatively moved angle decreases also retard- 
ativcly, consequently the magnitude of the average moved angle 
shows a retardative decrease of the negativity of the worms. 


Table 9. 


Duration 

of 

submergence 

6 cm. 

angles in 

degrec.s | 

10 cm. 

angles in 

degrees 

Positive 

Average 

j Negative j 

Positive , 

Average 

j Negative 

0 see. 

85.04 

116.40 

: 121.86 ' 

83.18 ' 

124.24 

131.06 

10 sec. 

86.60 

121.66 

; 126.06 1 

88.84 : 

126.30 

181.96 

20 sec. 

82.98 

112.70 

i 119.72 ‘ 

81.66 

119.64 

127.98 

aO sec. 

72.72 

98.72 

! 111.00 ; 

72.60 j 

108.64 

; 121.04 

86 sec. 

71.98 

90.10 

; 108.12 1 

' 1 

73.62 

104.26 

1 120.74 



From Tables 8 and 9 we may conclude that when the worms are 
submei^ed in a 1/7 normal solution of KCN and when they are not 
operated upon, their d^ree of positive orientation becomes strengthened 
while their degree of negative orientation becomes weakened, and the 
changes in the degrees take place acceleratively when the submergence 
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is prolonged from 0 to about 30 seconds, but retardatively when it is 
prolonged more. 

THE MOVEMENTS OK OPERATED WORMS. 

Four tests were carried on during the latter part of August at a 
duration of submergence of 0, 10, 20 or 30 seconds, and in each test 
25 worms were used individually. The ternix^raturc of the dark room 
was also 25.5-26.5‘’C. 

When the worms were t^perated upon after being submerged for 
35 seconds, many of them could not describe their tracks perfectly. 

The absolute numbers of forward and backward crawling individuals 
are given in Table 10. Though the alterations of the numbers are 


Taule 10. 


Duration 

of 

submergence 

6 cm. 

angles 

10 cm. 

.'ingles 

Forward 

Backward 

Forward 

Backward 

0 see. 

9 

16 

10 

16 

10 sec. 

9 

16 


16 

20 see. 

9 

16 

9 i 

16 

30 sec. 

4 

21 

4 

21 


Table 11. 


Positive Phototaxis | IndiflFcrcnl Phototaxis I Negative Phototaxis 



't = J 
^ 1 

Forward 

iiiiiii 

> * 1 .S' 5 1, ' 

Sum 

'H? 

l-i's 

^ JZ oo 

iH 

Sum 1 

1 

, 

it •£ 7 

'p tx 

g;§b 
i5 gb 

Sum 

tt. 

0 see. 


7 ’ 1 1 

8 

1 

1 

2 i 

1 

14 

16 

angle 

10 .see. 


6 3 ! 

8 

3 

4 

7 ' 

1 

9 

10 

20 sec. 


8 . 4 ! 

7 

2 

6 

8 , 

4 

6 

10 


30 sec. 


1 ' 6 , 

7 

2 

7 

® i 

1 

8 

9 

s 

Cl 

' ID 

Average 

0 sec. 


1 1 

7 0 1 

7.6 

7 

1 

1 

1 

6.6 1 
2 { 

2 

1 14 

11.0 

16 


10 sec. 


6 ; 6 i 

11 

1 

2 

.3 ‘ 

2 

9 

11 

i § . 

20 sec. 


4 3 ! 

7 

1 

7 

8 1 

4 

6 

10 

■I j 

80 sec. 


3 ! 10 1 

13 

1 

• ^ 

^ ; 

0 

7. 

*7‘ 

o 

Average 


i i 

9.6 

I 


4,6. 


i 

11.0 
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very slight, this table shows the tendency lhat the frequency of forward 
crawling decreases according to the prolongation of tlie duration of 
submergence, while that of backward crawling increases. 

The absolute numbers of positively, indifferently, and negatively 
phototactic individuals are shown tc^cthcr in Table 11 in the same 
manner as in Table 4. The following facts may be seen in the table : 

1. Wlien the worms are not submerged in the solution the number 
of negatively phototaxic individuals is greater than the sum of the 
numbers of positively and of indifferently phototactic individuals, hut 
when they are submerged the reverse takes place, and the difference 
between the numbers tends to increase with the prf)longation of the 
duration of submergence. 

2. The number of individuals which crawl forward toward the 
light (|K:)sitivcly phototactic and i)ositiveIy orienting) tends to decrease 
with the prolongation of the duration of subtnergence. 

3. The number of individuals which crawl backward toward the 
light (positively phototactic, but negatively orienting) tends to increase 
with the prolongation of the duration of submergence, while the number 
of individuals which crawl backward away from the light (negatively 
phototactic, but positively orienting) tends to decrease. 

From Tables 10 and 11 we may conclude that at any duration of 
submergence the number of backward crawling individuals is greater 
than that of forward crawling individuals, and that following the 
prolongation of the durathm of submergence the number of forward 
crawling individuals, as well as of positively phototactic indi\'iduals 
which crawl forward, tends to decrease, while the number of indiffer¬ 
ently and of negatively phototactic individuals which crawl forward 
tends to increase; but the number of backward crawling individuals, 
as w'cll as of positively and indifferently phototactic individuals which 
crawl backward, tends to increase, while the number of negatively 
phototactic individuals which crawl backward tends to decrease; 
con.sequentIy the number of jx^sitivcly and of indifferently photoUictic 
individuals becomes larger than that of negatively phototactic individuals. 

The orienting movements of the worms which were o[)crated uj)on 
are shown in Tables 12 and 13. 

In Table 12 the frequency di.stribution of the worms is shown in 
absolute numbers. The following facts may be seen in the table : 
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1. In both the 6 cm. and the 10 cm. angles, the number of pori- 
ttvely orienting individuals (section O'-SO*) decreases with the prolongation 


Taulk 12. 


Duration 

of 

atibmergence 


6 cm. angle.s 

1 


0 cm. angle 


O^-SO® 

i 81®-09« 

10(f-18(f j 

O’-SO® 

8l*-80* 

100M80* 

0 sec. 

21 

i 2 

'o' : 

44 ( 

21 

2 

2 

10 sec. 

16 

7 

.3 

16 

3 

7 

20 sec. 

0 

8 

8 

10 

8 

7 

SO sec. 

0 

6 

m 

10 

6 

10 

Taiile 13. 

Duration 

of 

submergence 

5 cm. 

angles in degrees 

10 cm. 

angles in degrees 

Positive 

1 Average 

Negative 1 

Positive 

Average 

Negative 

0 sec. 

44.04 

' 47.72 

02.78 i 

S8.28 

41.20 

92.92 

10 see. 

71.20 

1 76.2') 

04.00 ; 

62.82 

70.84 

98.62 

20 sec. 

7S.32 

86.16 

101.84 

66.20 

84.68 

109.48 

30 sec. 

76.72 

' 84.68 

98.96 

68.32 

87.96 

100.64 


Fig. 5. 
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of the duration of submergence, while that of negatively orienting 
individuals (section lOO^-lSO*) increases. 

2. In both the 6 cm. and the 10 cm. angles, at the durations of 
submergence of 0 and 10 seconds the number of ix)sitively orienting 
individuals is greater than that of negatively orienting individuals, but 
at 20 and 30 seconds the number of negatively orienting individuals 
becomes close to that of positively orienting individuals. 

In Table 13 the changes in the magnitude of the occupied angles 
are shown and from this table Fig. 6 was plotted. The following 
facts may be seen in the figure : 

1. In both the 6 cm. and the 10 cm. angles, at the durations of 
submergence of 0 and 10 seconds the magnitude of the positively 
moved angle is larger than that of the corresponding negatively moved 
angle, consequently the average moved angle shows the positivity of 
the wonns which were operated upon, but at the durations of submer¬ 
gence longer than 30 seconds the difference between the positively 
and the negatively moved angles becomes small, consequently the 
average moved angle shows that the orientation of the worms is slightly 
positive or indeterminable in these ca.ses. 

2. In’ both the 6 cm. and the 10 cm. angles, the magnitude of 
the positively moved angle decreases retardatively with the prolongation 
of the duration of submergence, while the magnitude of the negatively 
moved angle increases somewhat retardatively. In consequence, the 
magnitude of the average moved angle shows a retardativc decrease 
of the ix)sitivity of the worms. 

From Tables 12 and 13 wc may conclude that when the worms 
are submei^cd in the 1/7 normal solution of KCN and when they are 
operated upon, their degree of positive orientation becomes weaker 
retardatively in relation to the prolongation of the duration of submer¬ 
gence, and, in turn, their degree of negative orientation becomes 
stronger. 

THE CHANGES OF NEGATIVITY IN THE BRAIN. 

The magnitudes of the average occupied angle A which were 
made by the unoperated worms, the magnitudes of the average 
occupied angle P which were made hy the operated worms, and the 
calculated magnitudes of N which show the degrees of negative 
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Table 14. 


Dumtion 

of 

submergence 

San. 

angles in degrees 

10 cm. angles in degrees 

P 

A 

N 

P 

A 

N 

0 sec. 

47.72 

116.40 

168.68 

41.20 

124.24 

173.04 

10 sec. 

75.20 

121.56 

136.36 

70.84 

126.30 

144.46 

20 sec. 

86.15 

112.70 

117.64 

84.68 

119.64 

124.06 

30 sre 

, 84.68 

9S.72 

09.04 

87.96 

103.64 

106.68 


Fig. 6. 



orientHtion in the brain are given together in Table 14, and from this 
table Fig. 6 was plotted in order to see easily the state of the changes. 
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In this figure it may be seen that when the worms are submerged in 
the 1/7 nonnal solution of KCN the degree of negative orientation 
which is exhibited by the brain becomes weaker somewhat retarda- 
tively according to the prolongation of the duration of submergence. 

CONCr^USIONS. 

> 

1. In the ventral nerve cord, KCN causes an inhibition of for¬ 
ward crawling, a retardative weakening of the jx^sitivcly orienting func¬ 
tioning, and, in turn, a retardative strengthening of the negatively 
orienting functioning, till finally the degrees of the functionings balance 
each other. 

2. In the brain, KCN causes a retardative weakening of the 
negatively orienting functioning and a weakened inhibition of backward 
crawling. 

3. In consequence, in worms KCN causes an accelerative weaken¬ 
ing of the degree of negative orientation or phototaxis, till finally 
the orientation or phototaxis becoms obscure, and a more freiiuent 
posterior elongation which often takes turns with backward crawling. 

Chapter 111. The effect of strychnine. 

Ewalo (1912) could not reverse negative phototaxis in the nauplii 
of Balaniis perforatus to positive by means of strychnine. 

Moore (1912b). Heretofore, it has not been possible to cause 
the formation of negative collections of these small Crustacea by chemical 
means. Since the agents which cause such animals to form jxjsitivc 
collections are acids and narcotics such as alcohol, ether and esters, 
it occurred to me that if a substance which has the power of intensi- 
fying sensation were applied to the animals wc should get as a result 
a negative collection. It is known that in vertebrates, strychnine has 
the effect of thus intensil^ng sensation, es|:)ecially with reference to 
light. Accordingly a few drops of a saturated solution of strychnine 
were added to a dish containing Daphnia pulcx in normally po.sitive 
collection. The collection at once broke up and the animals executed 
rapid circular movements for .some hours, but did not tend to collect 

in any part of the dish.The effect of strychnine was next tried ■ 

in the same way on Diaptomus bakeri (?). In one minute after the 
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addition of the strychnine the animals, normally positive or indiflerent, ^ 
formed a marked negative collection. This collection remained for an 
hours or longer, depending on the initial condition of the animals. In 
fact the experiment was uniformly successful only if the Diaptomus 

were used the same day they were taken from the lake.Other 

excitants for the control nervous system were tried in the same manner. 
Caffeine caused a positive collection; atropine brought about a marked 
tendency to form a negative collection but in a much less degree than 
strychnine. It may be of significance that in vertebrates caffeine acts 
as an excitant only for the higher centers and strychnine for the lower, 
while atropine occupies a position midway between the two (Cushny, 

Pharmacology p. 282) .The negative phototropism brought about 

by strychnine may be reversed by the agents which ordinarily cause 
a positive formation. In addition to acids, camphor, when sprinkled 
on the surface of the water in the form of gum, reverse the negative 
phototropism due to strychnine. It is significant that, in the vertebrates, 
camphor paralyses the central nervous system and in the frog is an 
antidote for strychnine (Cushny, p. 431). While negative phototropism 
in Diaptomus can be reversed by acids and camphor, positive photo¬ 
tropism brought about by chemical means cannot be reversed by 
strychnine.*' 

Crozier and Federighi (1924). "By injection with strychnine 
the phototroiMC circus movements of the slug, Lirnax fPtaximus, may 
be suppressed, its phototropism abolished. The creeping activity of 
the foot is not in any essential may interferred with. Strychnine 
produces in Limax central nervous effects of the sort associated with 
its characteristic action. Hence, although an effect of the drug upon 
photoreceptors cannot be definitely excluded, the experimental result 
IS held to demonstrate that in orientation during circus movements 
there occurs central ' competition * between Impulses resulting (1) in 
the release of pedal wave.s and (2) in the maintenance of a turning 
posture." 

In my experiments on Allolobophora foetida a saturated solntkm of 
strychnine was used. Strychnine is only slightly soluble, requiring 
7000 parts of water for solution. 

Even when the worms were submerged in this solution for a long 
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duration, nearly all the worms showed neither convulsion nor ejection 
of hypodermal secretion. 

THE MOVEMENTS OF UNOPERATED WORMS. 

Eight tests were carried on during October 17 to 21 in the dark 
room, the temperature of which w;as n.O^-n.S^C., and at each test 
50 worms were used after being submerged individually in the definite 
solution of strychnine for a duration of 0, 3, 10, 15, 20, 25, or 30 

minutes. 

At any duration of submergence all the worms crawled forward. 

The orienting movements of the worms are shown in Tables 15 
and 16. 

In Table 16 the frequency distribution of the worms is shown in 
absolute numbers. The following facts may l)e seen in the table : 

Table 15. 


Duration 6 cm. angles 10 cm. angles 


of 

Hulimergencc 

1 C’-SO* 

8U-99* 1 

.1 

100"-] 8(r ! 


8r-99^ 

! loo'-iso" 

0 min. 

11 

12 i 

27 

7 i 

13 

30 

S min. 

12 

13 : 

25 

8 

10 

32 

6 min. 

18 

12 1 

20 

13 

6 

32 

10 min. 

21 

12 i 

17 ! 

15 

14 

i 21 

15 min. 

24 

13 

13 

18 

12 

1 20 

20 min. 

24 

16 

11 

24 

9 

i 17 

25 min. 

26 

13 j 

11 i 

25 

12 

i 13 

SO min. 

26 

» 1 

13 : 

19 

12 

19 


1. Ill both the 6 cm. and the 10 cm. angles, the number of po.si- 
tively orienting Individuals (section 0®-80®) tends to increase with the 
prolongation of the duration of submergence from 0 to 25 minutes, 
while that of negatively orienting individuals (section 100®-180®) tends 
to decrease; but further prolongation of the duration tends to cause 
a decrease of the number of poMtivcly orienting individuals and an 
increase of negatively orienting individuals. 

2. In the 6 cm. angles, at the durations of submergence of 0 and 
3 minutes, the majority of worms show negative orientation, but at 
durations from 10 to 26 minutes they come to show positive orientation, 
though at a duration of 30 minutes the number of negatively orienting 
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individuals tends to increase. 

3. In the 10 cm. angles, at durations of submergence from 0 to 
10 minutes, the majority of worms show negative orientation, but at 
the durations of 20 and 25 minutes they come to show positive orien¬ 
tation, and at a duration of 30 n^inutes the number of positively 
orienting individuals tends to decrease, while that of negatively orienting 
individuals tends to increase, thus these number come to balance each 
other. 

In Table 18 the changes in the magnitude of the occupied angles 
arc shown and from this table Fig. 7 was plotted. The following 
facts may be seen in the figure: 

Table 16. 


Duration 

of 

submergence 

5 cm. 

angles in degrees 

10 cm. angles In <' 

iegrees 

P<isitivc 

Average 

Negative 

Positive 

Average 

Negative 

0 min. 

86.82 

111..38 

114.66 

85.86 

119.40 

123.54 

8 min. 

83.84 

108.08 1 

109.24 

84.92 

116.24 

120.32 

6 min. 

80.06 

9.3.80 

103.74 

81.38 

107.94 

116.56 

10 min. 

77.80 1 

88.30 

100.60 

78.86 

98.88 

110.02 

15 min. 

76.00 ! 

88.00 

97.90 

78.88 

93.82 

104.94 

20 min. 

72.04 

81.22 

99.18 

71.14 

84.00 

102.86 

25 min. 

72.16 

82.14 

99.98 

72.70 

84.78 

102.08 

50 min. 

74.94 1 

1 

83.12 1 

98.18 

77.04 

88.68 

101.64 


Fi(i. 7. 
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1. In the 5 cm. angles (broken lines), at a duration of submergence 
shorter than 6 minutes the orientation of the worms is negative, but 
at a duration longer than 10 minutes it becomes jx>sitivc. 

2. In the 10 cm. angles (full lines), at a duration of submergence 
shorter than 15 minutes the orientation of the worms is negative, but* 
at a duration longer than 20 minutes it becomes jxisitive. 

3. In both the 5 cm. and the 10 cm. angles, the magnitude of 
the negative occupied angle tends to decrease rctardatively according 
to the prolongation of the duration of submergence, but that of the 
positive occupied angle tends to decrease rctardatively from 0 to 20 
minutes and then to increase acceleratively. In consec|uencc, the 
magnitude of the average occupied angle tends to decrease rctardatively 
from 0 to 20 minutes and then to increase somewhat acceleratively, 
being influenced mainly by the changes in the jx^sitiveOccupied angle. 

From I'ables 15 and 16 we may conclude that when the worms 
are submerged in the saturated .solution of strychnine and when they 
were not o[x:rated upon, the degree of positive orientation becomes 
strengthened rctardatively in relation to the prolongation of the duration 
of submergence, while the degree of negative orientation becomes 
weakened rctardatively, thus producing jx)sitivc orientation as a whole 
at a duration longer than 15 or 20 minutes, though the degree of 
positive orientation itself becomes weakened acceleratively in relation 
to the prolongation from 20 to 30 minutes. 

THE MOVEMENT.S OF OPEKA'i'ED WOKMS. 

Four tests were carried on from October 23 to 25 at durations of 
submergence of 0, 10, 20, and 30 minutes and in each test 25 worms 
were used individually. Tlie temperature of the dark room was 16.0'" 

The absolute numbers of forward and backward crawling individuals 
are given in Table 17. It may be seen in the table that the frecpienc}- of 
forward crawling tends to increase with the prolongation of the duration 
of submergence, while that of backward crawling tends to decrease. 

The ab.solutc numbers of positively, indifferently, and negatively 
phptotaclic individuals are shown together in Table 18. The following 
f.icts may be seen in the table: 
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Tablk 17. 


6 cm. anglei 10 cm. angle* 


Duration 
of . 

Forward ' 

Backward | 



aubmergence 

r 

1 Directly 

After 1 
posterior ! 

Directly 

After 
anterior : 

Forward 

Backward 


1 

elongation | 


elongation ; 



0 min. 

■| 18 

2 

9 

1 

1ft 

10 

10 min. 

I 

1 

10 

0 

1ft 

10 

20 min. 

! 18 ! 

1 

6 

0 

19 

6 

90 min. 

18 ! 

2 

S 

0 

20 

ft 


Table 18. 



Duration 

of 

submergence 

Positive I*holotaxU 

Indifferent Phototaxis 

; Negative Phototaxis 


Forwaid 

crawling 

0“-»cy* 

Backward 

crawling 

IW-IW 

Sum 

ills! 

Saop 

11 ^ 

Sum 

ill^ 

Isi 


Sum 

s J 

0 min. 

11 

0 

11 

• X 

1 

2 

; 8 

9 

12 

10 min. 

12 

0 

12 

1 

3 

; 4 

i 2 

7 

9 

If 

20 min. 

18 

0 

IS 

2 

2 

4 

' 4 

8 

7 


80 min. 

16 

8 

18 

i 2 

1 

I ^ 

i- 

j 1 

4 


0 min. 

18 

0 

18 

! 1 , 

1 

1 2 

i 1 

1 *—“*• 

1 2 

10 

14 

10 min. 

10 

0 

10 

1 ^ i 

1 

4 

1 2 

2 

11 

o If 

20 min. 

14 

1 

1ft 

' 2 , 

2 

1 4 

3 

2 

6 


80 min. 

16 

9 

1 

I ^ : 

1 

i ^ 

' 8 

! 

! 1 

4 


*1. The number of negatively phototactic individuals tends to de¬ 
crease with the prolongation of the duration of submergence, while 
the number of positively phototactic individuals and the difference 
between the positively and negatively phototactic individuals tend to 
increase. 

2. The number of individuals which crawl forward toward the 
light (positively phototactic and positively orienting) tends to increase 
with the prolongation of the duration of submergence. 

8. The number of individuals which crawl backward away from 
the light (negatively pbototactic, but posttively orienting) tends to de¬ 
crease with the prdongation of die duration of submergence, while 
the number of individuals which cr4wi backward toward the light 
(positively phototactic, but negatively orienting) tends to increase. 
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From Tables 17 and 18 we may conclude that at any duration of 
submergence the number of forward crawling individuals is greater 
than that of backward crawling individuals, and that following the 
prolongation of the duration of submergence the number of forward 
crawling individuals and of positively phototactic individuals which 
crawl either forward or backward tends to increasei while the number 
of backward crawling individuals and of negatively phototactic indi¬ 
viduals which crawl backward tends to decrease, consequently the 
number of positively phototactic individuals becomes greater than that 
of negatively phototactic individuals. 

The orienting movements of the worms which were operated upon 
arc shown in Tables 19 and 20. 

In Table 19 the frequency distribution of the worms is shown in 
absolute numbers. The following facts may be seen in the table : 

1. In both the 6 cm. and the 10 cm. angles, the number of posi¬ 
tively orienting individuals (section O^-SO*) tends to decrease with the 
prolongation of the duration of submergence, while that of negatively 
orienting individuals (section 100*-180“) tends to increase. 

2. In both the 6 cm. and the 10 cm. angles, the number of posi¬ 
tively orienting individuals is greater than that of negatively orienting 
individuals, but the diflference between these numbers becomes smaller 
according to the prolongation of the duration of submfergence. 

In Table 20 the changes in the magnitude of the occupied angles 
are shown and from this table Fig. 8 was plotted. The following facts 
may be seen in the figure: 

1. In both the 6 cm. and the 10 cm. angles, the magnitude of 
the positively moved angle is larger than that of the corresponding 
negatively moved angle, consequently the average moved angle shows 
the positivity of the worms which were operated upon. 


l>unitioD 

of 

sulMuerg^nce 

0 min. 
10 min. 
20 min. 
min. 


Tarle 19. 


6 tm. angles 



(Tuao* 

sr-oo'* 

io(r-i8a* 

0»-80“ 

20 

2 

8 

22 

19 

4 

2 

19 

16 

5 

4 

17 

16 

;i 

6 

17 


10 cm. angles 
i 8I-"-99“ ! lOOS-WO- 
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Table 20. 


Duration 

of 

mibmergence 

5 cm. angles in degrees j 

10 cm. 

angles in degrees 

Positive 

Average j 

Negative 

Po.sitive 

Average 

j Negative 

0 min. 

4.S.16 

45.64 1 

»2.48 

42.64 

45.72 i 

1 O.t.OS 

10 min. 

57.C2 

69.68 I 

92.16 

61.72 

63.12 1 

! 91.40 

20 inin. 

56.44 

62.88 ' 

96.44 

53.04 

67.76 

94.72 

80 min. 

60.76 ! 

66.04 

94.28 i 

51.44 

61.04 

1 99.60 


Fig. 8. 



r.o’ 

40’ 

30’ 


20 “ 


10 ^ 

0" 

lO” 


I 

"w 

c 

a 


C 

s 


2. In both the 6 cm an(i the 10 cm. angles, the magnitude of the 
positively moved angle tends to decrease rctardativcly with the prolon¬ 
gation of the duration of submergence, while the magnitude of the 
negatively moved angle tends to increase. In consequence the magnitude 
of the average mov^ed angle .shows a retardative decrease of the posi¬ 
tivity of the worms. 

From Tables 19 and 20 we may conclude that when the worms 
are submerged in the saturated solution of strychnine and when 
they are operated upon, their degree of positive orientation becomes 
weaker rctardativcly in relation to the prolongation of the duration of 
submergence, and, in turn, their degree of negativ e orientation becomes 
stronger. 
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THE CHANGES QF NFX;AT1^^TY IN THE BRAIN. 


Table 21. 


Duration 

rtf 

angle* in degree* 

10 cm. angles in d 

egrces 

flUbmergence 

P 

A j 

N 

P 

A 

N 

0 min. 

45.64 

111.88 

165.74 

45.72 

110.40 

163.68 

10 min. 

59.68 

88.80 

118.62 

53.12 

98.88 

185.76 

20 min. 

62.88 

81.22 

108.84 

67.76 

84.00 

116.24 

:t0 min. 

66.04 

83.12 

108.08 

61.04 

88.68 

117.64 


Fig. 0. 



0 10 -20 so 
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The magnitudes of yl, the magnitudes of P, and the calculated 
magnitudes of JV are given together in Table 21, and from this table 
Fig. 9 was plotted in order to see easily the state of the changes. 
In the figure it may be seen that when the worms are submerged in 
the saturated solution of strychnine, the degree of negative orientation 
which is exhibited by the brain becomes weaker retardatively in relation 
to the prolongation of the duration of submeigence. 

CONCLUSIONS. 

1. In the ventral nerve cord, strychnine causes a retardativc 
weakening of the positively orienting functioning and an inhibition of 
backward crawling. 

2. In the brain, strychnine causes a retardativc weakening of the 
negatively orienting functioning. 

3. At the beginning, the degree of negative orientation in the 
brain is stronger than that of positive orientation in the ventral nerve 
cord, but later the reverse is the case. 

4. In consequence, in worms strychnine causes a retardativc 
weakening of the degree of negative orientation or phototaxis, which 
changes for a retardativc strengthening of the degree of positive orien¬ 
tation or phototaxis. The retardativc change in positive orientation 
is due to a weakening of the positively orienting functioning of the 
ventral nerve cord. 

Chapter iV. The effect of strychnine nitrate. 

M(X)rk (1916). ‘‘ It has been shown that strychnine has the effect 

of reversing the positively phototropic response of the freshwater Crus¬ 
tacea, Diaptomus bakeri. If, to a dish of pond water containing some 
of these animals, sufficient strychnine nitrate solution be added to make 
the concentration O.OQl^, the organisms form a collection on the side 
of the dish opposite the source of light. Acids and anaesthetics, on 
the other hand, cause the Diaptotmts to collect on the ade of the dish 
nearest the light, and also reverse the action of strychnine when added 
to the medium containing strychninized animals.’' 

In the following experiments a 1/fiO normal solution of strycfmiiie 
nitrate was used. 
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As soon as the worms were submerged in this solution, they showed 
convulsion, as well as ejection of hypodermal secretion. The convulsion 
continued in most cases for 4-7 seconds, and in a few cases I could 
observe the second or even the third convulsion. 

A longer duration of submergence caused a stronger contraction 
of circular musek?^ a stronger relaxation of longitudinal muscle, and a 
more frequent posterior elongation. 

THE MOVEMENTS' OF L NOPERATEl) WORMS. 

Seven tests were carried on from November 3 to 4 in the dark 
room, the temperature of which was 15.6*0., and at each test 50 
worms were used after being submerged individually in the definite 
solution of strychnine nitrate for a duration of 0, 10, 20, 30, 40, 50, 
or 60 seconds. 

The orienting or the phototactic movements of the worms are Shown 
in Tables 22 and 23. 

In Table 22 the frequency distrilnition of the worms is shown 
lin absolute numbers. The following facts may be seen in the table: 




Taule 

22. 




Duration 

of 

bul)mcr^enoe 


6 cm. angles 



10 cm. angles 

0*-8(r 

1 81°-W i 100'’-180' 

0°-80'’ 

■ Sl'-or 

100M80^ 

0 ficc. 


12 

25 i 

11 

1 ^ 

32 

10 sec. 

. 11 

12 i 

27 

10 

! 6 

34 

20 sec. 

9 

IS ! 

28 ! 

1 0 

1 9 

36 

.SO sec. 

7 

13 i 

30 

, 5 

1 8 

36 

40 «cc. 

f 7 

1.3 j 

SO j 

i ^ 


.37 

60 sec. 

1 7 

10 

.33 1 


1 7 

38 

60 see. 

! « 

10 j 

34 

' 1 

[ 5 

44 


1. In both the 5 cm. and the 10 cm. angles, a prolongation of the 
duration of submergence causes a decrease of the number of ix)sitively 
orienting individuals (section 0*-80*) and an increase of the number of 
.negatively orienting individuals (section 100*-180*). 

2. In both the 6 cm, and the 10 cm. angles, the number of 
negatively orienting individuals is greater 4han that of positively orienting 
.individuals. 

In Table 23 the changes in .the magnitude of the occupied angles 
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are shown and from this table Fig. 10 was plotted. The following 
facts may be seen in the figure: 

1. In both the 5 cm. and the 10 cm. angles, the oiagnitude of the 
negatively moved angle is larger than that of the positively moved 
angle, consequently the average moved angle shows the negativity of 
the worms which were not operated iqx)n. 

Table 23. 


Duration 

of 

submergence 

6 cm. angte.s in degrees 

10 cm. angles in 

degrees 

Positive 

Average 

Negative 

Positmre 

Average 

1 Negative 

1 

0 sec. 

82.82 

102.38 

100.66 

84.86 

115.40 

I 120.64 

10 sec. 

8a.78 

111.42 

117.64 

82.78 

117.04 

1 126.16 

20 sec. 

85.12 

100.68 

114.26 

86.28 

121.10 

1 124.82 

SO sec. 

85.18 

114.80 

11»,62 

82.40 

128.14 

; 1811.74 

40 sec. 

86.62 

116.08 

119.66 ! 

86.08 

124.92 

127.94 

50 sec. 

85.24 

116.44 

121.20 : 

84.70 

1.S0.64 

186.84 

60 sec. 

87.16 

124.80 

1 127.64 

80.58 

1 1.88.26 

! 188.68 


Fig. 10. 



2. In both the 6 cm. and the 10 cm. angles the magnitude of the 
negatively moved angle tends to increase according to the prolongation 
of tlic duration of submergence, while that of the positively moved 
angle tends to decrease, consequently the average moved angle show.s 
an increasing negativity of the worms- 
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From Tables 22 and 23 we may conclude that when the worms 
are submerged in the 1/50 normal solution of strychnine nitrate and 
when they are not operated upon, their degree of negative orientation 
beconies stronger with the prolongation of the duration of submergence. 

THE MOVEMENTS OF OPERATED WORMS. 

Seven tests were carried on from November 6 to 6 at durations of 
submergence of 0, 10, 20, 30, 40, 50, and 60 seconds, and in each 
test 25 worms were usi^d individually. The temperature of the dark 
room was 14.5®C. 

The absolute numbers of forward and backward crawling individ¬ 
uals are given in Tabic 24. It may be seen in the table that when 
the worms are not submerged in the solution of strychnine nitrate (0 
second) the frequency of forward crawling is greater than that of 
backward crawling, but when they are submerged in the solution the 
frequency of forward crawling beconies smaller than that of backward 
crawling, and that at any duration of submergence longer than 10 
seconds the frequency of forward and of backward crawling shows 
no notable alterations. 


Table 24. 


5 cm. angle.H | 10 cm. angle*! 


Duration 

of 

Forward 

Backward I 



’submergence 

Directly 

After 

posterior 

elongation 

Directly 

After j 
anterior • 
elongation i 

Forward 

Backward 

0 sec. 

14 

S 

8 

0 ; 

17 

8 

10 8ec. 

6 

0 

19 

1 1 


19 

20 sec. 

1 

3 

21 

0 1 

5 

20 

SO sec* 

2 

2 

21 

0 

4 

21 

40 sec. 

S 

0 i 

22 

0 1 

3 

1 22 

50 sec. 

2 

0 

23 

0 

4 1 

1 21 

60 sec. 

4 

1 


0 

5 1 

20 


The absolute numbers of positively, indifferently, and negatively 
phototactic individuals are shown together in Table 25. The following 
facts may be seen in the table: 

1. When the worms are not submerged in the solution, the number 
of positively phototactic individuals is slightly greater than, or nearly 
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equal to, the number of ‘ negatively phototactic individuals, but when 
they are submerged in the solution tlic number of negatively phototactic 
individuals becomes greater than that of positively phototictic individuals. 

2. At any duration of subnjergence longer than 10 seconds, the 
number of positively phototactic individuals, of negatively phototactic 
individuals, of forward crawling indixnduals, and of backward crawling 
individuals shows no notable alterations. 


Tahle 25. 



Duration 

of 

^mergence 

Positive l*liototaxis 

Indifferent i^hototaxis Negative Pliototaxis 



1||l 

^ ”5 U 1 

Sutn 

llii 

% 

Is: 

S i1 

Suni ; # 

"So' 'JlTsi 

Sum 




(3 §1 i 


(2 gS 

1 

gSi 

; b 

gSil'gS 



0 .sec. 

10 

0 1 

13 

2 


0 

2 ' 

1 0 

10 


10 sec. 

4 

1 

6 

0 


6 ; 

0 1 

1 13 

14 


20 see. 

3 

6 

.3 

0 


5 

5 , 

1 16 

17 

'So 

9 

30 sec. 

3 


t 

1 


3 

4 ! 

0 14 

14 

40 sec. 


1 1 

4 

0 


6 

6 

0 15 

15 

S 

60 sec. 

1 

3 1 

4 

1 


7 . 

8 , 

0 13 

13 

60 sec. 

3 

1 ! 

4 

1 


4 i 

5 

1 ! 16 

16 


Average 

i 

i.. 

i 

5.7 




5.1 


14.2 


0 sec. 

1 13 

0 

13 

1 

i 

0 

1 

2 9 

1 11 

-4 ^ 

10 sec. 


1 , 

7 

i' 0 

1 

4 

4 

0 14 

! 14 

20 sec. 

1 4 

1 

6 



2 ‘ 

3 1 

0 17 

i 17 

s 

30 sec. 

i « 

3 ! 

6 

1 0 


2 ' 

2 

1 16 

' 17 

40 sec. 

i 3 

3 1 

6 

i 0 


3 i 

3 ! 

0 16 

: 16 

i 

50 see. 

i ^ 


5 

0 

i 

1 ; 

1 : 

1 , 18 

i 19 

o 

60 sec. 

4 

2 ' 

6 

1 0 

1 

1 ! 

1 i 

1 17 



Average 

i 

i 

! i 

6.9 

1 i 

[ 

j 

2.1 I 


16.0 


From Tables 24 apd 25 we may conclude that when the worms 
are submerged in the 1/50 normal solution of strychnine nitrate and 
when they are operated iqxin, most of them crawl backward showing 
ai^ative phototaxis, and that the duration of submergence influences 
IHlle the frequency of backward crawling and the number of negativdiy 
phototactic individuals. 

The orienting movements of the worms which vVere operated upon 
arc shown in Tables 26 and 27. . 

In Table 26 the frequency distribution of the xvorms is shown in. 
absolute numb^d^ The foUoxving.’facts’tnay.be seen, in the table:. 
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1, In both the 6 cm. and the 10 cm. angles, the number of indi¬ 
viduals found in section 0®-*20“ tends to decrease with the prolongation 
of the duration of submergence, while the number of individuals found 
in section 21®-80® tends to increase; and the sum of the numbers of 
individuals found in the remaining sections tends to increase from 0 to 
30 seconds and then tends to decrease. These facts indicate that the 
worms which show strongly positive orientation (0‘*-20®) and which show 
indifferent or n^ative orientation (Hl^-IBO**) come to show a moderate 
^sitive orientation (21®-80®) in relation to the prolongation of the 
duration of submergence, though the degree of negative orientation is 
slightly pronounced at a duration of about 30 seconds. 

Table 26. 


^ 8 


6 cm. angles 



-10 cm. angles 



Duratioi 

of 

suhmergei 

k 

s 

O 

s 

h 

IQ 

00 

V 


o 1 

g 

k ' 

lO 

1 


wmi 

00 

8 


b 

w ■ 

o' i 

S i 

b 

O j 









■ 




0 sec. 

9 

IS 

2 

1 

1 0 

10 

12 

1 ! 

2 : 

0 

10 sec. 

8 

16 

6 

1 

1 0 

8 

13 

« 1 

1 

0 

20 sec. 

2 

16 

6 

2 

I ® i 

6 

14 

4 

1 

0 

80 see. 

? 

16 

4 

i 4 

1 0 ' 

6 

14 1 

1 2 I 

4 

0 

40 sec. 


16 

6 

i 1 

1 0 1 

4 

16 i 

1 3 


0 

50 sec. 

1 

20 

3 


1 1 1 

1 § 

16 

1 ^ i 

2 ; 

1 

60 sec. 

1 i 

22 

1 

1 ' 

i " 1 

1 ^ 

18 

1 1 i 
' 1 

1 

0 


2. In both the 6 cm. and the 10 cm. angles, the number of 
positively orienting individuals (0®-80®) is greater than that of negatively 
orienting individuals (100®-180^). 

In Table 27 the changes in the magnitude of the occupied angles 
are shown and from this table Fig. 11 was plotted. The following 
facts may be seen in the figure : 

1. In both the 6 cm. and the 10 cm. angles, at any duration of 
submergence, the magnitude of the positively moved angle is larger 
than that of the corresponding negatively moved angle, consequently, 
the average moved angle shows the positivity of the worms which 
were operated upon. 

•a 2. In both the 6 tm. and the 10 cm. angles, the magnitude of the 
positively, moved angles decreases with the prolongation of the duration 
from 0 to 30 seconds, while • that of the negatively moved angle in- 
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creases, consequently the average moved ai^Ie shows a decrease of the 
positivity of tlie worms; but when the duration is more protonged the 
magnitudes of positively and negatively moved angles show nci notable 
alterations, consequently, the average moved angle shows nearly a 
constant positivity of the worms at any duration of submergence. 

Table 27. 


Duration 

of 

3ut»mergence 

5 cm. 

angles in degrees 

10cm. 

angles in degrees 

Positive 

Average 

Negative 

Positive 

Average 

Negative 

0 MC. 

30.28 

40.00 

90.72 

33.92 

36.60 

91.68 

!0 »cc. 

54.24 

55.04 

90.80 

40.04 

41.36 

91.32 

20 sec. 

63.60 

65.28 

91.68 

47.36 

49.92 

92.56 

aO sec. 

63.24 

68.44 

96.20 

62.68 

: 68.60 

96.92 

40 sec. 

60.80 

61.24 

90.44 

62.04 

66.44 

94.40 

50 sec. 

62.52 

68.00 

95.48 

82.16 

67.16 

95.00 

00 sec. 

50.76 

61.84 

92.08 

63.48 

67.64 

1 

94.16 


Fig. 11. 



From Tables 26 and 27 we may conclude that when the worms 
are submerged in the 1/50 normal solution of strychnine nitrate and 
when they are operated upon, the degree of positive orientation becomes 
weakened in relation to tiie prolongation of the duration of submergence 
from 0 to 30 seconds^ but it becomes nearty constant at durations of 
submergence from 30 to 60 seconds. 
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THE CHANGES OK NEGATIVITY IN THE BRAIN. 

The mangnitudes of A and N are given together in Table 
28, and from this table Fig. 12 was plotted. In the figure it may be 
seen that when the worms are submerged in the 1/50 norms^l solution 
of strychnine nitrate, a prolongation of duration from 0 to 20 or 30 
seconds causes in the brain a decreased degree, but a prolongation 
above 20 or 30 seconds an increased degree, of negative orientation. 


Fic. 12. 



0 10 20 SO 40 60 eo 


Second 
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Table 28. 


Duration 

of 

submergence 

5 cm. 

angles in degrees 

10 cm. angles in degrees 

P 

A 

S 

P 

A 

i 

0 sec. 

40.00 

108.88 

152.88 

35.60 

116.40 

169.80 

10 sec. 

55.04 

111.42 

140.88 

41.80 

117.94 

166.58 

20 sec. 

65.28 

109.38 

134.10 

49.92 

121.10 

161.18 

SO sec. 

68.44 

114.80 

136.36 

58.60 

123.14 

154.54 

40 sec 

61.24 

116.08 

144.84 

56.44 

124.92 

' 158.48 

50 sec. 

68.00 

116.44 

138.44 

67.16 

130.64 

168.38 

60 sec. 

61.84 

124.80 

152.96 

67.64 

1.88.20 

170.62 


CONCLUSIONS. 

1. In the ventral nerve cord, strychnine nitrate causes a weakening 
of the positively orienting functioning to a certain degree, and an 
inhibition of forward crawling. 

2. In the brain, strychnine nitrate causes at first a weakening and 
then a strengthening of the negatively orienting functioning, but it 
appears not to cause a weakened Inhibition of backward crawling. 

3. In consequence, in worms strychnine nitrate causes a gradual 
strengthening of the degree of negative orientation or phototaxis, due 
at first to a weakening degree of positive orientation in the ventral 
nerve cord and then to a strengthening degree of negative orientation 
in the brain. 


Chapter V. The effect of strychnine sulphate. 

Moore (1016). “The larvae of squid {Loli^o pealii) are normally 
positively phototropic, but attempts to reverse this response by means 
of strychnine" were unsuccessful. If 0,2 cc, of a 0.6 9 ^ solution of 
strychnine sulfate be added to 100 cc. of sea-water containing freshly 
hatched squid larvae, the latter no longer form a phototropic collection 
either positively or negatively.^" 

Moore (1918). It has been shown that a single e!xcitation at a 
median point in the earthworm elidts a shortening of tfio body anterior 
and a lengthening posterior to that point. Ac^ve ex^nsion of the 
body is prb4yced by contraction, of the circular muscles, and by 
inhibition of contraction of the longitudinal muscles of the body. This 
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is a case of reciprocal innervation (Garrev and Moore). Further, it 
has been found that in the earthworm, just as in vertebrates, strychnine 
converts inhibition into excitation, tints causing upon stimulation a 
contraction of the longitudinal muscles, which results in a shortening 

posterior to the point of stimulation (Knowlton and Moore). 

Two cases have been described, that of the marine planarian Bdcllottra 
and^ that of the Astcrias fiwiw which strychnine (strychnine 

sidphate 1 : 10.000) reverse reciprocal inhibition. Thc.se facts indicate 
th^t the nervous system of these invertebrates function in a manner 
similar to those of the earthworm and vertebrates. Moreover, it would 
seem that strychnine acts uixin some chemical component of the neuron 
which is always present in synaptic structures hut which also occurs 
in-^tbu simpler neurons of lower fotms^ This fact that strychnine is 
without this characteristic effect on such forms as mcduSii and sea 
anemone, indicates that the nervous systems of the starfish and planarian 
have cheinical afi^nities with the vertebrates which the Ccxjlentefatcs 
do not possess.'' 

In the following experiments on AUolobophom foctida a 1/25 normal 
solution of strychnine sulphate was used. 

As soon as the worms were submerged into this solution, they 
showed convulsion as in the case of the .solution of strychnine nitrate, 
but in the ntajority of the worms the convulsion was not followed by 
an ejection of hypodernial secretion. The convulsion continued in most 
cases for 2-6 seconds and in many cases I could observe the second, 
or sometimes even tjie fourth, convulsion, 

A longer duration of submergence caused in the worms an increased 
secretion of slime and a more sluggish locomotion, but it appeared not 
to cause a stronger relaxation of longitudinal muscle. When the worms 
were submerged into the solution for 4 minutes, most of them could 
not crawl for a requisite distance. . . 

THE MOVEMENTS OF UNOPEKA'IED WORMS. 

Four tests were carried on from December 8 to 9 and at each 
test 50 Wormii were use<i^after being submerged Individually in a definite 
solution of strychnine ' sulphate for a- duration -of 0, 1, 2, or 3 minutes. 
The temperature of the diirk room was 19'‘-2rC. This comparatively 
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Tiigh temperature was caused by radiating heat from steam-pipes which 
were set up In this room. 

The orienting (that is directly the phototactic) movements of the 
worms are shown in Table 29 and 30. 


Table 29. 


Duration 

o*-8<y 

5 cm. angles | 

1 

0 cm. anglei 

B 

lOO'-lSO’ 

submergence 

BV-W* 

IW-ISO*’ ! 

o*-8a“ 

8F-99’ 

0 min. 

6 

6 

38 ; 

6 

2 

43 

1 min. 

6 

8 

36 1 

4 

5 

41 

2 i^in. 

5 

6 

39 1 

3 

4 

43 

8 min. 

7 

7 

36 

6 

2 

42 


In Table 29 the frequency distribution of the worms is sliown in 
absolute numbers. The following facts may be seen in the table: 

1. In both the 6 cm. and the 10 cm. angles, any duration of 
submergence gives nearly the same number of positively (section 

and of negatively orienting individuals (section 100®-180®). 

2. In both the 6 cm. and the 10 cm. angles, the number of 

negatively orienting individuals is greater than that of positively orienting 
individuals. 

In Table 30 the changes in the magnitude of the occupied angles 
are shown and from this table Fig. 13 was plotted. The following 

facts may be seen in the figure: ' 

1. In both the 5 cm. and the 10 cm. angles, the magnitude of the 

negatively moved angle is larger than that of the positively moved 
angle, consequently the average moved angle shows the negativity of 
the worms. 

2. In 5 cm. angles, the magnitude of the average, of the positive, 
or of the negative occupied angle is nearly constant at durations of 
submergence of 0, 1, and 2 minutes, but it becomes smaller at 3 
minutes. 

3. In 10 cm. angles, the magnitude of the averaj^e, of the po^tive, 
or of the negative occupied angle tends to increase with the probngation 
cf the duration fromr 0 to 2 minutes, but it decreases at 3 minutes. 

From Tables 29 and 30 we may ccmclude that when the Worms 
arc submerged in the 1J26 normal solution of strychnine sulphate and 





EFFECT OF CHEMICALS ON PHOTO TAXIS IN ALLOLOHOPHOKA 45 


Table 80, 


Duration | 

1 5 cm* 

angles in degrees I 

10 cm. anglc.s in degrceN 

of 

- — 

___ - 


- - - 



submergence 

Positive 

j Average 

1 Negative j 

Feeiitive | 

Average 

Negative 

0 min. 

86.84 

> 180.68 

1 183.74 j 

66.92 i 

188.24 

141.82 

1 min. 

86.17 

1 ISO.IO 

133.9.3 

88.4S ! 

140.16 

141.67 

2 min. 

87.20 

ISO.SO 

' 133.10 ! 

88.52 ' 

144.86 

146.34 

S min. 

84.62 

, 116.78 1 

1 121.16 , 

84.84 1 

128.48 

133.04 


Fig. 18. 



0 12 3 


Minuter 

u'licn they are not operated upon, their degree of negative orientation 
tends to increase sliglitly with the prolongation of the duration of 
submergence from 0 to 2 minutes or remains nearly constant at any 
duration, but a further prolongation causes a decrease of the degree 
of negative orientation. 

THE MOVEMENTS OF OPERATED WORMS. 

Four tests were carried on on the 10th of December at durations of 
submergence of 0, 1, 2, and 3 minutes, and in each test 25 worms 
were used. The temperature in the dark room wa.s J9'*-2FC. 

The absolute numbers of forward and backward crawling individuals 
are given in Table 31. It may be seen in the table that, in both the 
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5 cm. and the 10 cm. angles, at durations of submergence of 0, and 
2 minutes, the frequency of forward, as well as of backward, crawling 
is nearly constant, the former being invariably smaller than the latter; 
but at 3 minutes the frequency of forward crawling somewhat abruptly 
becomes larger than that of backward crawling. 


Table 31. 


-^ 

1 


6 cnn. angles 


10 cm. angles 

duration 

of i 

submergence ; 

Forward 

; After 

Backward | 

After 

Forward 

Backward 

0 m(n. 

Directly 

9 

I pcMkterior 
elongation | 

1 

Directly 

14 

; posterior ' 

; elongation j 

1 

11 

14 

1 rain. 

9 

2 

12 

*> 

11 

14 

2 rain. 

7 

' 1 

17 

0 

10 

15 

3 rain. 

J9 

, 2 

4 

0 

21 

4 


The absolute numbers of positively, indifferently, and negatively 
pliototactic individuals are shown together in Table 32. It may be 
seen in the table that, in both the 6 cm. and the 10 cm. angles, at 
any duration of submergence the number of ix>sitivcly phototactic 
individuals is nearly the same as, or slightly smaller than, the number 
of negatively phototactic individuals. 


Table 32. 


1 


1 

Positive Phototaxis | 

Indifferent Phototaxis 

i Negative Phototaxis 


Dnratiol 

i 

1 

Forward 

crawling 

||S| 

Sam 1 

? Be 

(2SS 

Ilk 

Sum 

Forward 

crawling 

KKy’-lSOf’ 

Backward 

crawling 

80“-4r 

Suiu 


0 tnin. 

9 

0 

9 

1 ! 

1 4 ! 

5 

0 

11 

11 

1 min. 

7 

2 

9 

2 


6 

2 


10 • 


2 min. 

3 

5 

8 

1 4 

1 8 

7 

1 

9 

10 

§ 

kO 1 

3 min. 

10 

0 

10 

* 

j 1 : 

4 

8 

8 

11 

Average 


! - 


1 - 
1 

1 6.6 



10.5 

8 

0 inin. 

9 

0 

9 

i 2 

1 

i ^ 

i 0 

13 

13 

4 

1 I'min. 

6 

4 

! 10 

‘ 2 

1 

1 8- 

3 

9 

12 

K 

1 2 min. 

6 

5 


: 2 

1 ^ 

i • 

i * -1 

7 

10 

a 

0 . 

, 3 min. 

9 

1 

i 10 

< 4 

i ^ 

! 5 

1 

' 8 I 

2 

10 

o 

[Average 

' 

fl.8 

■ 1 1 l ■ 


1 11.2 
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The orienting movements of the worms wliich were operated Upon 
are shown in Tables 33 and'34. 

In Table 33 the frequency distribution of the worms is shown in 
absolute numbers. The following facts may be seen in the table: 


Tabu*: 33. 


Duration 

of.. 

submergence 


5 cm. angles 


1 

0 cm. angles 


0®-80“ 

j 

lOOMSO** 

0“-80* 1 

81'’-99° 

10(r-18(P 

0 min. 

20 


0 

22 

3 

0 

1 min. i 

13 

8 1 

1 4 

17 

1 

7 

2 min. 

12 

7 

! 6 

12 

5 

7 

8 min. 

13 

1 

8 

4 

11 

9 

5 


Table 34. 


Duration | 6 anghrs in degre<is ! 10 cm. angles in degrees 


.of 

submergence 

Positive 1 

Average \ 

Ncg.*»livc 1 

Positive 

1 

Average 

Negative 

0 min. 

54.88 

55.04 

90.16 

40.80 

41.08 

96.28 

1 min. 1 

68.24 

76.80 

98.66 

54.44 

64.32 

00.88 

2 min. 

72.82 

79.44 

97.12 

68.16 

80.32 

102.16 

S min. 

70.96 

76.04 

96.08 

67.92 

1 78.44 

100.62 
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1. In both the Son. and the lOctn. angles, the number of positively 
orienting individuals (0®-80®) tends to decrease with the prolongatloa 
of the duration of submergence, but the number of negatively orienting 
individuals (lOCT-lSO*) is nearly constant at durations of subniergence 
of 1, 2, and 3 minutes. 

2. In both the 5 cm. and the 10 cm. angles, the number of positively 
orienting individuals (0*-80“) is greater than that of negatively orienting 
individuals (100*-180®). 

In Table 34 the changes in the magnitude of the occupied angles 
are shown, and from this table Fig. 14 was plotted. The following 
facts may be seen in the figure: 

1. In both the 6 cm. and the 10 cm. angles, at any duration of 
submergence, the magnitude of the positively moved angle is larger 
than that of the corresponding n^atively moved angle, consequently, 
the average moved angle shows the positivity of the worms which 
were operated upon, 

2. In both the 6 cm. and the 10 cm. angles, the magnitude of the 
aversige, of the positive, or of the negative occupied angle tends to 
increase retardatively with the prolongation of the duration of submer¬ 
gence, showing a decrease of the positivity and an increase of the 
negativity of the worms. 

From Tables 33 and 34 we may conclude tJiat when the worms 
are submerged in the 1/26 normal solution of strychnine sulphate and 
when they are operated upon, the degree of positive orientation becomes 
weakened retardatively in relation to the prolongation of the duration 
of submergence, while the degree of negative orientation becomes 
strengthened retardatively. 


THE CHANGES OF NEGATIVITY IN THE BRAIN. 
Table 85. 


Duration 

of 

5 cm. angles in degrees 



P 


N 

P 

H 

N 

0 min. 

55.04 

180.58 

165.54 

41608 

188.84 

187.16 

1 min. 

76.80 

18040 

148.30 

64.82 

140.15 

165.88 

2 min. 

79.44 

iso.m 

140.86 

80.82 

144.86 

154.54 

8 min. 

76.04 

116.78 

129.74 

78.44 

128648 

140.04 
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Fig. 15. 
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0 12 3 

Minutes 

The m^nitudes of P, A, and N arc given together in Table 36, 
and front this table Fig. 16 was plotted in order to see easily the stote 
of the changes. In this f^ure it may be seen that when the worms 
are submerged in the 1/26 normal solution of strychnine sulphate, the 
d^ree of negative orientation which is exhibited by the brain becomes 
weaker in relation to the prolongation of the duration of submergence. 
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c:ONCl.USIONS. 

1. In the ventral nerve cord, strychnine sulphate causes a retard- 
ative weakening of the positively orienting functioning and an inhibition 
of backward crawling. 

2. In the brain, strychine sulphate causes a weakening of the 
negatively orienting functioning. 

3. In consequence, in worms strychnine sulphate causes at first 
no notable alteration, but later it causes a weakening of the degree of 
negative orientation or phototaxis. 


Chapter VI. Summary and general conclusions. 

1. In the ventral nerve cord of the worms, the degree of ix>sitivcly 
orienting functioning becomes weaker in relation to the prolongation of 
the duration of submergence in a solution of HCl, KCN, strychnine, 
strychnine sulphate, or .strychnine nitrate. 

2. In the brain of the worms, the degree of negatively orienting * 
functioning becomes weaker in relation to the prolongation of the 
duration of submergence in a solution of IICI, KCN, strychnine, or 
strychnine sulphate. 

3. In the brain of the worms, the degree of negatively orienting 
functioning becomes at first weaker and then stronger in relation to 
the prolongation of the duration of submergence in the solution of 
strychnine nitrate. 

4. In consequence, from the xintagonistic relation between the 
functionings of the brain and of the ventral nerve cord, the phototaxis 
in tlie worms shows several alterations in relation to the prolongation 
of the duration of submergence in a solution of IICI, KCN, strychnine, 
strychnine sulphate, or strychnine nitrate. 

i. Strychnine causes a retardative weakening of negative phototaxis. 

ii. KCN and strychnine sulphate cause an J\ccelerative weakening 

of negative phototaxis. 'j . . 

iii. HCl causes at first a weakening and then a strengthening of 
negative phototaxis. 

iv. Strychnine nitrate eause.s a strengthening of negative photota.xis. 

December 26, 1926. 
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The Influence of G>astal Waves on the Shell- 
Development in lAttorina aitchana PhilJ^ 

By 

Ekltaro Nomura. 

According to Bumpus-^ ‘‘the American type of Littorina littorea 
L., when compared with the European type, is more elongated, lighter 
in weight, more bulky, and the color markings arc less pronounced.” 

Rikuoku Wan (Bay) is divided by the peninsula of Natsudomari 
into Aomori Wan and Nobechi Wan (Fig. 1). Asamushi is located on 
the western side of the peninsula near the base and Asadokoro on 
the eastern side about 6 miles from Asamushi. Asamushi is exposed 



Fig. 1. Coast Hue of Aomori-Ken. 1. Aomori, 2. Nobechi, 3. Asamushi, 4« Asa- 
df^oro, 5. Aomori Wan, 3. Nobechi Wan, 7. Natsudomari peninsula, 8> 
Asamudii Marine Biological Station, 9. Mourajima, 10. Gomijima, 11. 
Ynnoahima. 


i> A eontriUulioii from the Marine Biological Station, Asamushi, Aomori-Ken. 

» BUMPUS, f 1. C. 1893. The variations and mutations of the introduced UtioHna* //x>l. 
Bull., Vol. 1, pp. 247-269. 
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to the north and west wind, while Asadokoro is exposed only to the 
east wind. Consequently the sea at Asadokoro is generally calmer 
throughout the year than the sea at Asamushi. 

Liitarina sitchmia Phil, is a j^riwinkle which is common among 
the stones and on the rocks along the shore of the northern part of 
Hondo. We also find the species at both the loCcalities of Asamushi 
and Asadokoro. If caistal waves influence the shell-development, the 
shells from these localities must show some variations. I'or the purpose 
of investigating the variations two ratios, b/a and d/c (Fig. 2), were 
determined. t 

A larger value of b/a denotes that the shell is more flattened. 

A larger value of d/c denotes that the shell is more elongated. 



tig. 2. Shells t(» illustrate the pt>ints at which n)en.surements were taken. Magnified. 


Size of shells 

Number of 

Asamushi 


individuals' 

b/a 

in min. 

i studied 

4.0- 4.0 

50 ' 

1.220 

6.0- 6.0 

111 

1.248 

6.0- 6.9 

218 

K804 

7.0- 7.9 

131 

1.362 

8.0- 8.9 

51 

1.410 

9.0- 9.9 

19 

1.420 

10.0-10.9 

— 



Assad okoro 


d/c 

i Number of 

1 individuals 

b/a 

d/c 


< studied 

0.960 


_ 


0.970 

— 


- 

0.080 

34 

1.262 

0.982 

1.014 

93 

1.268 

0.996 

1.060 

177 

1.810 

, 1.008 

1.060 

140 

1.842 

1 ' 1.016 

— 

56 1 

1.890 

1.032 


In the table, the size of the shells was determined by the height 
aa. The table reveals the following facts: 

1. Similarly at b6th localitie.s, a larger size of the shell tends to 
increase the value of b/a as well as of d/c, showing that with the 
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growth of the body the shell becomes more flattened and more elon¬ 
gated, 

2. The values of b/a and d/c are larger at Asamushi than at 
Asadokoro. 'fhe fact shows that the shell is more flattened and more 
elongated at Asamushi than at Asadokoro. 

From the above relations it appears to me that coastal waves may 
be one factor causing variations in the shells of Littorina sitchana. 

Here I wish to express my sincere thanks to Miss Matsu FuRUSiinfA 
for her kind assistance given and faithfulness shown during the progress 
of the investigation. 

October 15, 1925. 




An Abdication of aafcfp in ExfH-osting tiie Growth 
Rdation in the "Freshwater Bivalve, 

Sphaeriutn heterodon Pits. 

Bv 

Ekitaro Nomura. 

It" was already known that the equation can be applied in 

expressing the growth curves in several cases, when a and b denote 
measurements. It was the object of the present investigation to test 
the applicability of the equation in expressing the growth relation 
between the height and the width, as well as between the weight and 
the width, in Spfiaerium heterodon P11.S. 
and, if the equation were applicable, to 
determine the value of k\ as well as of .r, * 
for this definite species. 

The specimens of Sphaerium heterodon ^ 

PiLS. were collected from a city gutter in 
Komegafukuro, Sendai, and were kindly 
indentified by Mr. Shichihei Nomura in • h 

the Geological Institute, Tohoku Imperial ^ illustrate the 

University. The measurements were taken ‘‘ 

^ were taken. Much magnified. 

from 498 specimens by Miss Matsu Fuku- height, w-w width. 

SHIMA, my trustworthy assistant. 

THE RELATION BETWEEN THE HEIGHT AND THE WIDTH. 

In applying the equation a^klf to express the relation between 
the height, which is and the width, which is if we give different 
values^ we obtain values of k correspondingly different from the 
actual measurements given in Table 1. 

Among several values of jr, when we put 1.25 for x at two decimal 
plAces, we obtsun 0.855 as the average value of k at three decimal 
plac^; when 1.28 for jr, 0.348 for k \ and when 1.27 for 0.841 for k. 
So Height«0.866 x Width (I) 

Height«=0.348 x Width (II) 
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Height==0.341 x Width (III) 

If we assume (I), the total sum of the differences between the 
averajjc and the calculated heights is 1.24 mm. and the largest difference 
is 0.19 mm.; in 27 out of 35 cases the difference is below 0.06 mm., 
in 7 it is from 0.05 to 0.10 mm.» and in 1 it is above 0.10 mm. 

If we assume (II), the total sum of the differences between the 
average and the calculated heights is 1.16 mm. and the largest difference 
is 0.18 mm.; in 27 out of 36 cases the difference is below 0.06 mm., 
in 5 it is from 0.06 to 0.10 mm., and In 3 it is above 0.10 mm. 


Tarle 1. 


Width 

Nunilier 
of shells 

Average 

height 

in mm. 

lieight 
in mm., 
where 

Difference 

Height , 
in inm.,;| 
where 

1 )iffcrcnce 

Height 
in mm., 
where 

Difference 

. 

in mill. 

studied 


in nnn. 

jrae 1.26, 

0.348. 

in mmi 

j:«1.27, 

**r0..341. 

in mm. 

6.1 

2 

».40 

3.40 


.3.40 

0.00 

3.39 

0.01 

6.2 

3 

3.57 

3.47 


3.47 

0.10 

.9.46 

0.11 

6.S 

6 

8.56 

3.54 

0.02 

3.54 

0.02 

3.68 

0.03 

6.4 

11 

3.63 

8.61 

0.02 

8.61 

0.02 

3.60 

0.03 

6.5 

7 

3.67 

.3.68 

0.01 

3.68 

0.01 

3.67 

O.CO 

6.6 

6 

3.67 

3.76 


.9.76 

0.08 

8.76 

0.08 

6.7 

10 

3.82 

8.88 

0.01 

3.82 

0.00 

3.82 

0.00 

6.8 

16 

S.89 


0.01 

.9.89 

0.00 

.9.89 

0.00 

6.9 

19 

3.92 

3.97 

0.06 

3.97 

0.05 

3.96 

0.04 

7.0 

14 

4.05 

4.04 

0.01 

4.04 

0.01 

4.04 

0.61 

7.1 

11 

4.09 

4.11 

0.02 

4.11 

0.02 

4.11 

0.02 

7.2 

19 

4.18 

4.19 

0.01 

4.19 

0.01 

4.18 

0.00 

7.3 

19 

'4.2,3 


0.03 

4.20 

0.0.3 

4.26 

0.0.9 

7.4 

28 

4.33 

4.38 


4.33 

0.00 

4.8.9 

0.60 

7.6 

15 

4.89 

4.41 

0.02 

4.41 

0.02 

4.41 

0.02 

7.6 ! 

20 

! 4.46 

4.48 

0.08 

4.48 

0.03 

4.48 1 

1 0.03 

7,7 

20 

i 4.52 

4.55 

0.03 

4.56 

0.04 

4.56 1 

! 0.04 

7.8 i 

26 

1 4.62 

4.63 

0.01 

4.63 

0.01 

4.63 ' 

' 0.01 

7.9 ! 

23 

i 4.68 

4,70 


4.70 ; 

0*02 

4.71 j 

[ 0.03 

8.0 ; 

25 

1 4.79 

4.77 

0.02 

4.78 , 

0.01 

4.78 

! 0.01 

8.1 i 

23 

: 4.87 

4.85 

0.02 

4.85 

0.02 

4.86 

0.01 

8.2 j 

24 

1 4.93 

4.93 


4.93 

0.00 

4.93 

0.00 

8.3 i 

25 

5.04 


0.04 

5.01 

0.03 

5.01 

0.03 

8.4 

1 20 

5.01 


0.07 

5.08 1 

0.07 

5.69 1 

1 0.08 

8.6 

16 

6.84 

6.15 

0.19 

5.16 i 

0,18 

5.17 1 

t 0.17 

8.6 

8 

5.26 

6.23 

0.02 

5.24 

0.01 

5.24 i 

i 0.01 

8.7 

IS 

5.81 

6.90 

0.01 

5.31 ; 

0.00 

5.32 1 

i 0.01 

8.8 

16 

5.39 

6..98 

O.Ol 

5.39 1 

0.00 

5.40 

1 0.01 

8.9 

10 

5.51 

5.46 

0.06 

6.47 i 

0.04 

5.48 

0.08 

9.0 

14 

5.58 

6.68 

0.00 

5.54 I 

0.01 

6.66 

0.02 

9.1 

16 

6.51 

5.61 

O.lO 

5.62 I 

0.11 

5.63 

0.12 

9.2 

2 

5.75 


0.06 

. 6.70 1 

0.05 

5.71 

0.04 

9.3 

3 

5.80 

6.77 

0.08 

5.78 1 

o:o 2 

5.79 

0.01 

9.4 . 

6 

5.87 

5.84. 

O.OS 

5.86 1 

.0.01 

6.87 

0.00 

9.5 

5 

5.82 

5.92 

0,10 

6.94 1 

0.12 

5.95 

1 0.13 


Sum of the differences .1^!^. ; i T 1*17 
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If wjc assume (III), the total sum of the differences between the 
average and the calculated heights is 1.17 mm. and the largest difference 
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is 0.17 iQn«; in 29 out of S6 cases the dii&rence is below 0.06 mm., 
in 2 it is from 0.06 to 0.10 mm., but in 4 it is above 0.10 mm, 

As seen in the each equation may be applicable in expresang 

the growth relation between the height and the width, but (11) seems 
to me to be prefinable as the one for Sphaerium keterodon Pius., because 
this equation gives the least value for the total sum of differences, 
which ought to mean that the relation which is determined by the 
equation is in most intimate coincidence with the natural relation 
expressed by the actual measurements. 

In Fig. 2 the relation which is expressed by (II) alone is shown. 

Form the relation Height=0.348 x Width 
we obtain the relation Width=2.312 x Height**”. 

THE RELATION BETWEEN THE WEIGHT AND THE WIDTH. 

We obtain the three following equations as the ones Which express 
the relation between the weight and the width in neare.st approximation 
.with the natural relation shown by the actual measurements which 
are given in Table 2. 


Weight»0.160 x Width 

(IV) 

Weight=0.147 x Width 

(V) 

Weight=0.144 X Width 

(VI) 


If we assume (IV), the total sum of the diiferences between the 
average and the calculated wdghts is 69.6 mgm. and the laigest 

difference is 9.6 mgm.; in 14 out of 36 cases the difference is below 
1.00 mm., in 19 it is from 1.00 to 6.00 mgm., and in 2 it is above 
5.00. n^m. 

If we assume (V), the total sum of the differences between the 

average and the calculated weights is 69.1 mgm. and the laigest 

difference is 9.3 mgm.; in 13 out of 35 cases the difference is below 
1.00 mgm., in 20 it is from 1.00 to 6v00mgra., and in 2 it is- above 
6.00 mgm. 

If we assume (VI), the total sum of the tfifferences between the 
aver^ and the calculated weights is 69.3 mgm. and the largest 

-difference is 9.2 mgm.; in 12 out erf* 36 cases the difference is below 
1.00 mgm., in 21 it is from 1.00 to 6.00 n^m., and in. 2 it is above 
6.00 mgm. 
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Table 2. 


Width 

Number 
of diellt 

Average 

weight 

in mgm. 

"WeTglt- 
in mgm., 
where 

Difference 


■ 

Uelgbt 
in mgm., 
where 

Difference 

in inni. 

studied 

4ra>8.Sl, 

«-0.160- 

in mgm. 

4*->8.22, 

«»0.147. 

in ingtn. 

jr«3.28, 

kmO.UA. 

in mgm. 

6.1 

2 

46.7 

49.8 

4,1 

49.7 

4.0 

49.6 

8.9 

6.2 

8 

68.7 

52.4 

1.8 

52.3 

1.4 

52.2 

1.5 

<.8 

6 

64.4 

66.2 

0.8 

55.1 

1 0.7 

55.0 

0.6 

6.4 

11 

1 67.8 

58.1 

0.8 

68.0 

0.7 ‘ 

67.9 

0.6 

6.6 

7 

60.8 

61.0 

0.7 

60.9 

0.6 

60.8 1 

0.5 

6.6 

6 

61.8 

64.1 ; 

1 2.3 

64.0 

2.2 

68.9 

2.1 

6.7 

10 

66.6 

67.8 

! 1.8 

67.2 


67.1 

1.6 

6.8 

16 

70.6 

70.6 

0.0 " 

70.6 

0.0 

70.4 

0.1 

6.9 

19 

71,8 

73.9 

2.1 

78.9 

2.1 

73.8 

i *•» 

7.0 

14 

76.6 

77.4 

0.9 

77.4 

0.9 

77.8 

1 0.8 

7.1 

11 

80.S 

81.0 

0.8 

81.0 

0.8 

80.9 

I 0.7 

7.2 

19 

86.8 

84.8 

1.6 

84.7 

1.6 

84.6 

i 1.7 

7.8 

19 

88.8 

88.6 

0.3 

88.6 

0.3 

88.5 

1 0.2 

7.4 

28 

96.0 

92.6 

2.6 

92.5 

2.5 

92.5 

! 2.5 

7.6 

16 

97.4 

96.6 

0.8 

96.6 

0.8 

96.6 

j 0.8 

7.6 

20 

tOl.8 

100.8 

0.5 

100.8 

0.5 

100.8 

1 0.5 

7.7 

20 

108.2 

106.1 ; 

1,9 

105.1 

1.9 

105.1 

j 1.9 

7.8 

26 

110.1 

109.6 1 

0.6 

109.6 

0.5 

109.6 

! 0.5 

7.9 

28 

116.6 

114.2 I 

1.8 

114.2 

1.3 

114.2 

1.8 

8.0 

86 

122.1 

118.9 1 

8.2 

118.9 

3.2 

118.9 

8.2 

8.1 

28 

127.6 

123.7 

3.9 

1 9 

3.8 

128.8 

I 3.8 

8.2 

24 

182.0 

128.7 

3.3 



128.8 

1 8.2 

8.8 

26 

186.9 

138.8 

3.1 



184.0 

2.9 

8.4 

20 

188.2 

139.0 

0.8 

139.1 , 

0.9 

189.2 

! 1.0 

8.6 

16 

168.9 

144.4 

9.6 

144.6 

9.3 

144.7 

9.2 

8.6 

8 

163.0 

149.9 

8.1 

160.1 

2.9 

150.2 

: 2.8 

8.7. 

18 

168.8 

166.6 

1.8 

166.8 

2.0 

156.0 

i 2,2 

8.8 

16 

168.6 


7.2 

161.7 

6.9 

16P.9 

1 6.7 

8.9 

10 

169.6 

167.4 

2.2 

167.6 

2.0 

167.9 

; 1.7 

9.0 

14 

176.6 

178.4 

8^.2 

178.8 

2.8 

174.0 

1 2.6 

9.1 

16 

178.6 

179.7 

1.1 

180.1 

1.4 

180.8 

1 1-7 

9.2 

2 

186.1 

^ 186.2 

O.l 

186.5 

0.4 

186.8 

1 0.7 

9.8 

8 

193.1 

192.8 

0.3 

193.2 

0.1 

198.4 

1 0.3 

9.4 1 

6 

198.7 

199.6 

0.8 

199.9 j 

1.2 

200.8 

1.6 

9.6 1 

6 

206.3 

206.4 

1.1 

206.8 

1.6 

207.2 

i 


5kim of the differences 69.1 69.3 


As seen in the above, each equation may be applied to express 
the growth relation between the weight and the width, but (V) seems 
to me to be preferable as the one for Sphaerium heterodm Pils. in 
the same sense as that mentioned in the relation between the height 
and the width. 

Fig. 3 is plotted from the expression by (V). 

From the relation Wcight=B0.147 x Width**”, 
we obtain the relation W1dth= 1.814 x Weight***. 

November 20, 191K. 
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Fig* 3. 




Further Studies on the Applicability of a~kb* in 
Expressing the Growth Relations in 
Molluscan Shells. 

Ilv 

KkH'AKO NOMt.'RA. 

(Font IMates) 

We have learned in my preceding paper‘d tlie applicability of 
a^kt' in expressing the growth relation between the height a and 
the width b in Spitacriuui hctcrodou Pij.s. and how to determine tlic 
value of X as well as of k. The object of the present invc.stigation 
was to test further the api)licability of the equation to several molluscan 
sliclls and to know, if pos.siblc, the biological meaning of k as well as 
of ,t. 

The four following species were studied : 

Littorina siicham Phil. 

Sphacruim hctcrodou Pils. 

^ Limuacj japonic a J.w 

Viviparus japonicus var. iwakazmi Pils. 

Before taking up the subject of this ixqier I wish to express my 
heartfelt thanks to Miss Matsu Fukusih.ma for her faithful and tireless 
a.ssi.stancc given during the progress of the investigation. 

Tiik Growth Relation ijetwekn the HEicair and the 
Width in Littorina sitchana Phil. 

('Fables 1-7 and Plate 1) 

The .s|)ecimcns were collected at the following different localities: 
1. Yunoshlma, a small island located in Aomori Wan about 1(X)0 
meters nprth-west of Asamushi-^ and about 800 meters south-west of 

O Nomura, E. 1926 n. An application of at»kb*' in expressing the growth relation in 
the freshwater Sphatriwn tiiieroHonViX?^, Science Refjorts Tohoku Imp. Univ., 

Hiology, Vol. 2, pp. 67-62. 

-0 Ditto. 1926 b. The influence of coa.stal wavc.s on the shell-development in Littorhui 
\itchnnn Piiii. Ibid, Vol 2, pp. 63-66- 
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the Asamushi Marine Biological Station. 

2. Gomigifna, alao a small island located ;d»ut 1200 meters north 
of Yunoshima and about 600 meters north the Biological Station. 

3. Asadokoro, a sea-^hore village which faces Nobechi Wan. 

4. Watanoha, a fishery harbour near Ishinomaki about 20 miles 
north-east of Sendai. 


Table 1. 


Littorina (Yunoshima, Asamushi) 


Width 

No. of 
shelU 

Average 

height 

Calculated 

height 

Width 

No. of 
shelU 

Average 

height 

Calculated 

height 

ia mm. 

studied 

in mm. 

in mm. 

in mm.. 

studied 

in mm. 

in mm. 

s.o 

2 

4.20 

4.88 

8.9 

18 

6.79 

6.71 

5.8 

2 

4.70 

4.57 

0.0 

20 

6.84 

6.76 

6.5 

1 1 

4.60 

4.70 

0.1 

10 

6.84 

6.82 

5.7 

1 

4.00 

4.82 

0.2 

8 

7.06 

6.87 

5.8 

] 

4.60 

4.88 

0.8 

12 

7.08 

6.93 

5.0 

5 

4.88 

4.95 

9.4 

10 

7.18 

6.08 

6a0 

1 

4.00 

5.01 

9.5 

14 

7.16 

7.04 

6.1 

4 

4.93 

5.07 

0.6 

6 

7.06 

7.00 

6.8 

5 

5.04 

5.13 

0.7 

8 

7.18 

7.14 

6.8 

8 

/Oaa 

5.19 

0.8 

10 

7.21 

7.20 

6.4 

i 

5.18 

5.tt 

0.0 

0 

7.81 

7.26 

6.5 


5.80 

5.31 

10.0 

10 

7.M 

7.81 

6.6 

1 

5.43 

5.87 

10.1 

6 

7.28 

7.86 

6.7 

4 

5.48 

5«4S 

10.2 

10 

7.48 

7.42 

6.8 

11 

5.46 

e:49 

10.3 

12 

7.41 

7.47 

6.0 ' 

0 

5.58 

8.55 

10.4 

4 

7.50 

7.52, 

7.0 

21 

1 5.60 

5.61 

10.5 

9 

7.57 

7.58 

7.1 

11 

5.71 

5*67 

10.6 

6 

7.57 

7.63 

7.2 

0 

5.76 

5.73 

10.7 

9 

7.64 

7.68 

7.8 

15 

5.75 

5.70 

10.9 

8 

7.60 

7.79 

7.4 

8 

5.85 

5.85 

11.0 

5 

7.86 

7.84 

7.5 

18 

5.05 

5.01 

11.1 

7 

7.97 

7.90 

7.6 

7 

6.14 

5.97 

11.2 

4 

8.12 

7.95 

7.7 

10 

6.20 

6.02 

11.8 

1 

7.90 

8.00 

7.8 

11 

6.15 

6.08 

11.4 

2 

8.00 

8.05 

7.0 

18 

6.10 

6; 14 

11.5 

5 

8.16 

8.11 

8.0 

28 

6*28 

6.20 

11.6 

2 

7.05 

8.16 

8.1 

5 

6.26 

6.25 

11.7 

4 

8.80 

8.21 

8.2 

20 

6.18 

6.31 

11.8, 

2 

8.20 

8.26 

8.8 

17 

6.88 

6.87 

11.0 

4 

8.12 

8.31 

8.4 

14 

6.45 

6.42 

12.0 

2 

8.80; 

8.86 

8.5 

20 

6.60 

6.48 

12.1 

1 

8r60 

8.42 

8.6 

6 

6.58 

6.54 

12.4 

2 

8.50 

8.57 

8.7 

18 

6.67 

6.50 

12.6 

1 

8.80 

8.67 

8.8 

17 

6.70 

6.65 

•— 

—* 


! 
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Table 2. 

Littorina (Asadokoro) 


Wullh 

No. of 
sliells 

Average 

height 

Calculated 

height 

Width 

1 No, .f 

1 shells 

Average 

height 

Calculated 

height 

in mm. 

studied 

in mtn. 

, 

ill mm. 

! .Studied 

1 

. 

in min. 

in n-.m. 

in mm. 

7.2 

1 

6.00 

6.12 

11.9 

• 16 

8.86 

8.88 

7.8 

2 

6.S6 

6.60 

12.0 

22 

8.94 

8.94 

7.9 

2 

6.30 

6.66 

12.1 

18 

8.97 

8.99 

8.0 

5 

6.42 

6.62 

12.2 

13 

9.14 

9.06 

8.1 

1 

6.90 

6.68 

12.8 

9 

9.18 

9.10 

8.2 

6 

6.70 

6.74 

12.4 

1 7 

9.16 

9.16 

8.8 

7 

6.70 

6.«0 

12.6 

11 

9.22 

9.21 

8.4 

8 

6.80 

6.86 

12.6 

12 

9.14 

9.26 

8,6 

5 

6.90 

6.92 

12.7 

6 

9.28 

9.32 

8.6 

9 

6.92 

6.98 

12.8 

10 

9.42 

9.87 

8.7 

8 

7.18 

7.04 

12.9 

8 

9.44 

9.48 

8,8 

6 

7.24 

7.10 

13.0 

10 

9.49 

9.48 


3 

7.27 

7.16 

13.1 

9 

9.46 

9.64 

9.0 

8 

7.26 

7.22 

18.2 

! 8 

9.64 

9.69 

9.1 

9 

7.46 

7.28 

13.3 

11 

9.68 

9.64 

9.2 

6 

7.86 

7.34 

1.3.4 

6 

9.98 

9.70 

9.3 

6 

7.47 

7.40 

1.3.6 

6 

9.76 

9.76 

9.4 

10 

7.64 

7.46 

1.3.6 

8 

9.74 

9.80 

9.6 

7 

7.87 

7.62 

13.7 

6 

9.78 

9.86 

9.6 

10 i 

7.67 

7.68 

13.8 

4 

9.96 

9.91 

9.7 

6 1 

1 7.43 ; 

7.64 

18.9 

4 

10.06 

9.96 

9.8 

2 1 

7.66 I 

7.69 

14.0 

6 

10.26 

I 10.02 

9.9 

4 

7.80 ! 

7.76 

14.1 

4 

, 10.20 

10.07 

10,0 ; 

7 ] 

8.01 i 

7.81 

14.2 

6 

. 10.08 

10.12 

10.1 

6 

7.90 1 

7.87 

14.8 

8 

10,07 

: 10.18 

10.2 

9 : 

8.21 ! 

7.92 

14.4 

2 

10.30 

! 10.23 

10.8 


8.24 

7.98 

14.6 

5 

10.08 

i 10.28 

10.4 

7 1 

8,19 

8.04 

14.6 

8 

; 10,27 

1 10.38 

10.6 

6 

8.16 , 

8-10 

14.7 

8 

10.17 

: 10.38 

10.6 

12 

8.27 

8.16 

14.8 

8 

10.20 

, 10.44 

10.7 

9 

1 8.64 

8.21 

14.9 

! 2 

10.16 

10.49 

10.8 

9 

8.23 ; 

8.27 

16.0 

3 

10.63 

10.64 

10.9 

1 7 

8.81 i 

8.32 

16.1 

2 

; 10.77 j 

j 10.69 

11.0 

17 

8.59 1 

8..38 

16.2 

i 8 

1 10.60 

10.64 

11.1 

12 

8.58 : 

8.44 

16.8 

3 

1 10.40 1 

10.70 

11.2 

1 12 I 

8.48 > 

8.49 ■ 

16.4 

2 

10.86 : 

10.76 

11..3 

9 i 

8.67 1 

$.66 

16.6 

1 

10.40 1 

10.86 

11.4 

i 

8.71 1 

8.60 

16.7 

1 

11.80 1 

10.90 

11.6 

‘ 16 1 

8.77 ! 

8.66 

16.8 

^ i 

10.60 i 

10.96 

11.6 

i 11 ' 

8.64 1 

8.71 

16.9 

, 8 

11.03 ! 

11.01 

11.7 

18 1 

8.68 ! 

8.77 

16.6 

1 ! 

11.00 i 

11.31 

11.8 

10 1 

8.81 1 

8*88 

— 

1 

i 

— 
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Table 3. 

Littorina (Yunoshima, Asamushi) 


WMth 

in mm. 

No. of 
shcllf 
studied 

Average 

height 

in mm. 

Calculated 

height 

in mm. 

Width 

1b mm. 

No. of 
shelU 
studied 

Average 

height 

in mm. 

Calculated 

height 

in mm. 

7.0 


5.68 

6.«8 

9.6 

2 

7.10 

7.11 

7.2 

4 

5.80 

5.75 

9.7 

7 

7.88 

7.17 

7.3 

2 

5.65 

5.81 

9.8 

11 

7.17 

7.82 

7.4 

10 

5.84 

5.87 

9.9 

8 

7.18 

7.28 

7.6 

4 

5.85 

5.92 

10.0 

21 

7.80 

7.88 

7.6 

5 

6.02 

5.98 

10.1 

4 

7.80 

7.89 

7.7 

8 

6.14 

6.04 

10.2 

8 

7.49 

7.44 

7.8 

8 

6.16 

6.10 

10.8 

2 

7.70 

7.49 

7.9 

6 

6.82 

6.16 

10.4 

4 

7.45 

7.06 

».o 

10 

6a81 

6.22 

10.5 

8 

7.88 

7.60 

8.1 

7 

6.86 

6.28 

10.6 

2 

7.55 

7.65 

8.2 

6 1 

6.88 

6.88 

10.7 

8 

7.67 

7.71 

8.8 

9 

6.89 

6.89 

10.8 

7 

7.78 

7.76 

8.4 1 

12 

6.48 

6.44 

10.9 

7 

7.80 

7.81 

8.5 

7 ' 

6.49 

6.60 

11.0 

6 

7.86 

7.87 

8.6 

^ 1 

6a52 

6.56 

11.1 

1 

8.00 

7.92 

8.7 

14 

6.61 

6.61 

11.2 

5 

8.02 

7.97 

8.8 1 

6 ! 

I 6.58 

6.67 

11.8 

4 

7.88 

8.08 

8.9 1 

6 

6.68 

6.72 

11.4 

3 

8.08 

8.08 

9.0 

16 1 

6.69 

6.78 

11.5 

4 

8.28 

8.18 

9.1 

8 1 

6.81 

6.84 

11.8 

1 

8.40 

8.29 

9.2 

2 

7.00 

6.89 

11.9 

1 

8.40 

8.85 

9.8 

9 

6.97 

6.95 

12.0 

2 

8.20 

8.89 

9.4 I 

4 

7.10 

7.00 

12.1 

1 

8.80 

8.44 

9.5 { 

li 1 

7.04 

7.06 

18.2 

1 

9.20 

9.00 


Table 4. 

Littorina (Asadokoro) 


Width 

in mm. 

No. of 
shells 
studied 

Average 

height 

in mm. 

Calculated 

height 

in mm. 

Width 

- 

in mm. 

No. of 
shells 
studied 

Average 

height 

in mm. 

Calculated 

height 

in mm. 

8.5 

3 

6.87 

6.85 

9.9 

8 

8.18 

7.70 

8.7 

6 

6.87 

6.97 


13 

7.81 

7.76 

8.8 

5 

6.98 


10.1 

8 

7.88 

7.82 

8.9 

7 

7.07 


10.2 


7.98 

7.88 

9.5f 

7 

7.14 

7.16 

lO.S 


7.95 

7.94 

9;r ’ 

4 

7.26 

7.82 

10.4 


8.19 

SoOO 

9.2 

6 

7.10 

7.28 

10.6 



8.06 

9.3 

6 

7.17 

7.S4 

10.6 


8.17 

8.12 

9.4 

9 

7.47 

7.40 

10.7 


8.18 

8.18 

9.5 

8 

7.47 

7.46 

10.8 

8 

S.24 

8.28 

9.6 

8 

7.27 


10.9 

12 

8.28 

8.29 

9.7 

6 

7.67 



24 

8.33 

8.35 

9.8 

2 

7.55 

■AfJi 

11.1 

6 

8.47, 

8.41 

































a—klf AND THE GROWTH RELATIONS IN MOLLUSCAN SHELLS 67 


Width 

in mm. 

No. of 1 
shelU I 

studied | 

Average 
height ! 

in mm. { 

Calculated 

height 

in min. 

11.2 

16 ' 

8.46 1 

i 8.47 

11.8 

1 

8.52 i 

8.68 

n.4 

12 

8.66 1 

1 8.68 

1K5 1 

1 

8.64 

8.64 

11.0 

11 ‘ 

8.72 , 

, 8.70 

11.7 

7 

8.68 

1 8.76 

11.8 

^ i 

8.80 

: 8.82 

11.9 

11 I 

; 8.08 

j 8.87 

12.0 

22 

; 8.90 

; 8.08 

12.1 

12 

' 9.10 

I 8.09 

12.2 

10 

1 9.04 

1 9.06 

12.3 

17 

9.01 

1 9.10 

12.4 

7 

1 9.10 

1 9.16 

12.0 

14 

9.29 

i 9.28 

13.6 

0 

i 9.32 

' 9.27 

12.7 

10 

9.22 

9.38 

12.8 

It 

9.32 

, 9.89 

12.0 

2 

: 9.30 

1 9.44 

18.0 

6 

i 9.62 

, 0.60 

18.1 

4 

! 9.68 

; 9.66 

18.2 

7 

! 9.69 

1 9.61 

18.3 

6 

: 9.62 

1 9.67 

18.4 

! 4 

i 9.66 

1 9.72 


1 


Width 

No. of 
sliells 

Average 

height 

Calculated 

height 

in mm. 

studied 

i in mm. 

1 in mm. 

13.6 

7 

j 9.79 

i 9.78 

13.6 

1 

' 10.00 

j 9.83 

13.7 

7 

9.91 

1 9.89 

13.8 

o 

9.96 

1 9.96 

18.9 

6 

! 9.88 

1 10.00 

14.0 

8 

' 10.06 

‘ 10.06 

14.2 

5 

10.02 

, 10.17 

14.3 

1 

, 10.00 

1 10.22 

14.4 

4 

, 10.10 

10.28 

14.6 

4 

i 10.15 

10.33 

14.6 

3 

10.60 

10.39 

14.7 

2 

; 10.46 

I 10.44 

14.8 i 

; 1 

; 10.00 

1 10.60 

14.9 

1 2 

10.66 

10.65 

16.0 

1 4 

10.76 

1 10.60 

16.1 

1 1 

. 10.90 

1 10.66 

16.3 

i 1 

10.60 

1 10.77 

16.6 1 

1 

11.00 

1 10.93 

16.7 1 

1 

: 10.70 

1 10.98 

16.8 1 

2 

' 11.36 

i 11.04 

16.0 ! 

3 

i 11.10 

11.16 

16.7 j 

1 

; 11.60 

1 11.62 

16.8 1 

1 

1 

1 11.60 

1 

1 11.68 


Table 5. 

Littorina (Watanoha) 


Width 

No. of 

Average 

Calculated 

Width 

No. of 

• Average 

Calculated 

shells 

studied 

height 

height 

shells 
; studied 

; height 

. 

height 

in mm. 

in mm. 

in mm. 

in mm. 

in mm. 


m mm. 

3.7 

1 

3.00 

8.62 

8.4 

; 3 

e.os 

6.62 

4.6 

1 

3.40 

4.09 

8.6 

1 

6.40 

6.68 

6.0 

1 

6.20 

5.11 

8.0 

2 

6.86 

6.74 

6.3 

1 

6.70 

6.31 

8.7 

, 8 

6.78 

6.80 

6.5 

2 

6.06 

5.4S 

8.8 

6 

6.87 

6.86 

6.6 

2 

4.90 

6.60 

8.9 

3 

6.83 

6.92 

6.7 

1 

6.30 

6.66 

9,0 

11 

6.»7 

6.98 

6.8 

1 

5.40 

5.63 

9.1 

11 

7.16 

7.04 

7.0 

1 

1 6.00 

5.76 

9,2 

4 

, 7.20 

: 7.10 

7.2 

1 

; 6.80 

6.88 

9.8 

6 

7.30 

1 7.16 

7.3 i 

1 

6.60 

5.94 

9.4 

i 6 

7.48 

' 7.22 

7.4 1 

2 i 

1 6.80 

6.01 

9.5 

i ® 

7.38 

: 7.28 

7.6 

1 1 

1 6.90 

6.13 

9.6 


i 7.33 

7.84 

7.7 

2 1 

6.20 

6.19' 

9.7 

; 4 

) 7.88 

1 7.40 

768 

1 i 

6.00 

6.26 

9.8 

i 6 

1 7.67 

1 7.40 

7.0 

1 

6.20 

6.32 

9.9 

1 3 

- 7.67 

1 7.61 

8.0 

3 

6.33 

6.38 

10.0 

; 12 

7.73 i 

i 7.67 

362 

8 

6.66 

6.60 

10.1 

1 7 

1 7.81 i 

i 7.68 

8.3 

6 

6.38 

6.66 

10.2 

i ® 

7.98 

7.6« 
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1 

Width ! 

1 

in mm. j 

No. of 
shells 
studied 

I Average 

1 height 

i in mm. 

Calculated 

height 

in mm. 

Width 

in mni. 

No. of 
shells 
studied 

Average 

height 

in mm. 

Calculated 

height 

in mm. 

10.8 1 

5 

8.20 ! 

7.76 

13.1 

8 

0.66 

9.32 

10.4 1 

4 

! 8.20 

7.80 

1S.2 

9 

9.63 

0.88 

10.5 ' 

6 

7.97 

7.86 

13.8 

5 

0.82 

9.43 

10.6 > 

8 

8.06 

7.92 

18.4 

6 

9.67 

9.49 

10.7 

6 

8.15 

7.98 

13.5 

18 

9.87 

9.54 

10. B ! 

9 

’ 8.12 

8.08 

13.6 

9 

9.80 

9.60 

10.9 ! 

2 

8.25 

8.09 

18.7 

12 

9.77 

9.65 

11.0 

8 

8.29 

8.16 

13.8 

2 

9.95 

9.70 

11.1 

7 

1 8.47 

8.21 

13.0 

14 

9.89 

9.76 

11.2 

5 

! 8.44 

8.26 

14.0 

5 

9.80 

0.81 

11.3 

5 

! 8.80 

8.82 

14.1 

3 

9.00 

9.87 

11.4 

8 

‘ 8.64 

8.88 

14.2 

5 

10.14 

9.92 

11.6 ; 

2 

1 8.85 1 

1 8.43 

14.3 

8 

; 10.00 

9.97 

11.6 1 

6 

! 8.73 ! 

i 8.49 

14.4 

2 

10.05 

10.03 

11.7 1 

5 

: 8.76 

' 8.55 

14.5 

• 2 

10.00 

10.08 

11.8 1 

8 

8.66 

1 8.60 

14.6 

1 5 

i 10.00 

10.18 

11.9 i 

9 

8.77 

1 8.66 

14.7 

! 2 

10.20 

10.19 

12.0 I 

1 16 

I 9.04 

8.71 

14.8 

; 4 

: 10.28 

10.24 

12.1 

7 

1 9.08 

8.77 

14.9 

j 6 

' 10.87 

10.29 

12.2 1 

1 9 

9.17 

8.88 

15.0 

! 10 

; 10.33 

, 10.35 

12.8 

14 

9.11 

8.88 

15.2 

1 2 

‘ 10.00 

10.45 

12.4 1 

> 6 

1 9.80 

8.94 

15.3 

1 4 

10.63 

j 10.51 

12.5 ; 

8 

9.18 

1 8.99 

15.4 

1 4 

i 9.90 

: 10.56 

X2.6 1 

6 

: 9.22 

9.06 

15.5 

2 

; 10.10 

1 10.61 

12.7 1 

0 

, 9.25 

! 9.10 

15.6 

I 3 

, 10.60 

• 10.66 

12.8 

10 

: 9.50 

i 9.16 

15.8 

i 1 

10.70 

10.77 

12.9 

1 

i 8.90 

! 9.21 

16.8 

! 1 

10.70 

11.80 

18.0 

22 

i 9.54 

1 9.27 

— 

i 

— 

— 


Tauce 6. 

Uttoriua (Gomijima, Asnmushi) 


Width 

No. of 
shells 

Average 

height 

Calculated 

height 

Width 

No. of 
shells 

Average i Calculated 
height ! height 

in mm. 

studied 


studied 

in ram. 

in mm. 

in ram. 

in ram. 

in mm. 


8.9 

1 

7.00 

6.86 

10.4 

19 

7.86 

7.68 

0.0 

1 

7.00 

6.92 

10.5 

24 

7.76 

7.78 

9.1 

1 

7.00 

6.97 

10.6 

20 

7.92 

7.78 

9.3 

4 

7.10 

7.08 

10.7 

19 

8.05 

7.84 

9.4 

3 

7.10 

7.14 

10.8 

34 

8.00 

7.89 

9.5 - 

5 

7.26 i 

7.19 

10.9 

28 

7.98 

7.94 

9.6 

11 

7.36 

7.26 

11.0 

86 

8.08 

rjn 

9.7 

4 

7.45 

7.30 

11.1 

14 

8.08 

8.05 

9.8 

4 

7.53 

7.86 

11.2 

26 j 

».I7 

8.19 

9^9 

6 

7.53 

7.41 

11.3 


8.21 

8.15 

10.0 

27 

7.63 

7.46 

11.4 

1 £8 ! 

8.81 

8.20 

10.1 

10 

7.73 

7.62 

11.5 

1 17 

8.29 

8.25 

10.2 

12 

7.79 

7.67 

11,6 

1 18 1 


8.30 

10.3 

18 

7.75 

7.62 

11.7 

1 16 

! 8.47 j 

8.36 
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Width 

1 

in mm. | 

No. of 
shells 
studied 

Average 
j height 

. in mm. 

Calculated' 

height 

1 in mm. 

11.8 

1 10 

^ 8.40 

8.41 

11.9 1 


8.29 1 

1 8.46 

12.0 

l.T 

8..84 

8.51 

12.1 ' 

' 15 

8.4t 

8.56 

12.2 

6 

8.60 

8.61 

12.8 

6 

; 8.8.8 

1 8.66 

12.6 

1 2 

8.96 

8.76 

12.6 

8 

9.01 

! 8.81 

12.8 

7 

8.91 

i 8.91 


Width 

in mm. 

No. of 
shells 
studied 

Average 

height 

in mm. 

Calculated 

height 

in mm. 

12.9 

2 

8.76 

8.96 

18.0 

3 

8.68 

9.01 

13.1 

1 

8.00 

9.06 

13.2 

2 I 

9.05 j 

j 9.11 

13.4 1 

2 

9.00 

1 9.21 

13.6 1 

2 

8.55 1 

9.26 

13.6 ! 

1 

9.30 

9.81 

14.1 i 

1 

9.80 1 

9.56 

■ 1 


—* j 



EQUATIONS FOR SPECIMENS FROM YUNOSIIIMA AND ASADOKORO. 

(First determination) 

We have already studied the difference 
in the relation between the height and the 
width of specimens from the two localities 
of Asamushi and Asadokoro.'^ It was the 
purpose of the present investigation to learn 
what the difference would be when a^klf 
was applied to express the grpvvth relation 
of this species. 

The measurements of 586 specimens 
from Yunoshima and 573 specimens from 
Asadokoro were taken by Miss Matsu 
Fukushima, and after calculation we obtained 

HeightsEs 1.330 X Widthfor Yunoshima specimens (Table 1), 
and Heightss 1.421 X Width for Asadokoro sixicimens (Table 2). 

According to the equations, the difference between the growth 
relations at these different localities is nothing but the difference between 
the numerical values of k. This result appeared to me very interesting 
and caused me to undertake further tests of the relation in specimens 
from the same, as well as from different, localities. 

' EQUATIONS FOR SPECIMENS FROM YUNOSHIMA AND ASADOKORO. 

(Second (determination) 

The measurements of 303jspecimens from, Yunoshima and 471 


h 



h 

Fig. 1. LUtorlna iitchana V\\\\., 
lo illustrate the points at 
which measurements were 
taken. Magnified. h-h 
height, w-w width. 


o Nomura, b. /. 
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specinKns from Asadokoro were taken by Miss Matsu Fukushima, 
and after calculatioa we obtained 

Heightarl.^SSxA^dth*''^ for Yunoshima specimens (TaUe 3), 
and Height^l-SlS x\Wdth^” for Asadokoro specimens (Table 4). 

The equation for the specimens from Yunoshima shows an intimate 
cdncidence with that which was already obtained, while the equation 
for the specimens from Asadokoro gives a difterent value for k as well 
as for X. But if we tentatively make the value of x 0.74, even the 
specimens from Asadokoro give the equation. Heights 1.417 x Width 
and this shows also an intimate coincidence with tliat which was 
already obtained. 

equation for SPECIMEN-S FROM WATANOHA. 

The measurements of 496 specimens were taken by Miss Matsu 
Fukushima. In this determination smaller and laiger specimens showed 
a resemblance to those from Yunoshima, while spedmens of middle-size 
showed rather a near resemblance to those from Asadokoro, conse¬ 
quently the specimens appeared to give a growth relation which might 
be expressed by an equation of a difterent kind, but after calculation 
we obtained 

Height= 1.286 X Width(Table 8) 
as the only exponential equation for the specimens from Watanoha. 

EQUATION FOR SPEOMENS FROM GOMIJIMA. 

The measurements of 496 specimens were taken by Miss Matsu 
Fukushima, and after calculation we obtained 

Height»1.4a2x Width*-” (Table 6) 
as the only equation fix the specimens from Gomijima. 

THE BIOIjOGICAL MEANING OF ;i; AS WELL h&OV k. 

We lim*e obtained in tlie above, for each set of spedmens, only 
one equation which expresses a mean relation between the hdght and 
the width. As shown in Tables 1-6, however, we actually have 
numerous indiddual measurements which do not agree with the mean 
relation, and naturally the value is the average of diffident values 
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of individual k under a fixed value of x, which is determined for the 
set of specimens. It follow-s, then, that in individual equations the 
.value of .* is constant, but the value of k may differ according to 
difierent individuals. 

The six following equations were obtained in the above studies: 
Hclght=1.421 X Width for Asadolcoro specimens I, 

Height=1.318 X Width®"” for Asadokoro specimens II, 
Helght=1.286 X Width for Watanoha specimens, 

Height= 1.422 X Width®"” for Gomijima specimens, 
Heights=«1.333x Width®"” for Yunoshima specimens II, 

Height =t 1.330XWidth*"” for Yunoshima specimens I. 

In these equations the difference between the largest and the 
smallest values of k is 0.136, while that of x is only 0.05. This fact 
may probably be taken to show that the species, even from different 
localities, gives the same value for x all through, but it may give 
different values for k according to different localities. In my opinion 
the different values of x which were obtained arc due to the small 
number of specimens which were studied. 

If we allow ourselves to think along this line, it may be said that 
in the equation a^kb‘ the value of x is invariable in a definite species, 
while the value of k is variable according to individuals, as well as to 
locality. Then it follows that x relates to the specific consistency and 
k to the individual or the local variation of specimens. Following the 
gross relations, I wish to consider x as the specific e.xponent and k as 
the local constant. 

DETERMlNA"nON OF THE VALUE OF THE SPECIFIC EXPONENT. 

As already seen we could ncA obtain an unique value of .i for 
Littorim sitcham PhIX- due prdjably to the snaall number of specimens 
which were studied, .consequently, at pre.sent, I may mention only that 
the value of the specific exponent of this species is probably 0.74 ±0.03. 
I am. of the opinipn that we need not determine the value of the 
Specific exponent, so 'sharply, because a species or variety will not 
everlastingly be. identified in utilising It. 
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determination of the ratios retween the 

IJOCAJ. CONSTANTS. 

I^t US suppose that naturally the value of the specific exponent 
can not be different for a definite species^ Littorina sitcluma Phil., even 
though different values for x are actually found in the equations. If 
the probable value of the specific ex|x)nent is determined, then the 
corresponding value of the local constant becomes determined. 

In assuming ,i;=0.72, the following relations are obtained: 
Height=1.488 X Width®*- for Asadokoro specimens I, 

Height= 1.483 X Width ® for Asadokoro specimens II, 
Height= 1.450 X Width®"- for Watanoha specimens, 

Height= 1.422X Width®*- for Gomijima specimens, 

Height= 1.395 X Widthfor Yunoshima specimens II, 
Heights* 1.393 X Width for Yunoshima sj^ecimens I. 

In assuming ^==0.74, the following relations are obtained: 

Height=1.421 X Width for Asadokoro specimens I, 
Hcight=sl.417 X Width®^^ for Asadokoro specimens II, 
Heights* 1.386 X Width ®**^ for Watanoha specimens, 

HeightB= 1.358XWidth®*** for Gomijima specimens, 

Heights* 1.333 X Width®*'* for Yunoshima specimens II, 
Height=1.330 X Width ®’^^ for Yunoshima specimens I. 

In assuming ,r=0.77, the following relations are obtained: 

IIeight=1.320XWidth®-"* for Asadokoro specimens I, 
Hcight= 1.318 X Width ®’"'^ for Asadokoro specimens II, 
Heights* 1.286 X Width®"* for Watanoha specimens, 
Heights=:1.262x Width ®-^* for Gomijima specimens, 

Heightsr: 1.240 X Width®-*" for Yunoshima specimens II, 
Height*r 1.236 X Width ®-*^ for Yunoshima specimens I. 

In,<^X^ble 7 the values of k which were determined from the 
determination^^of the value of x and the ratios between the values of 
k are givehftogether. In the calculation of the ratios, for convenience, 
the value of k from the first set of Asadotkiro specimens was takeh 
as the unit. It may be seen in the table that the ratio between the 
values of k at two localities is constant, even though the absolute 
values of Jk are different following the difference of the value of x* 
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Table 7. 


Litioriua sitchana Phil. 











; 

^■0.72 • 


0.74 

.«=:0.77 


i 

Value 

Ratio 

Value 

1 Ratio 

Value 

Ratio 


1 

of k 

l)ctween i 

of 

j lietorecn ^ 

of Jb 

lietween Jb 

Asadokoro 


1.488 

l.OCO 

1.421 

i 1.000 

l..‘t20 

1.000 

IT < 

1.488 

0.997 

1.417 

0.997 

1..S18 

0.998 

Watanoha 

! 

1.460 

0.974 

1.885 

1 0.975 

1.286 

0.974 

Gomijiina 


1.422 

0.966 

1.S68 

i 0.966 

1 

, 1.202 

0.956 

Yunoshima 

II 

1.896 

1 o.m 

1.888 

0.988 

1.240 

1 0.989 

1 

1.398 

1 0.936 

1 1 

1.880 

1 0.936 

j 1.286 

j 0.986 


If we assume this relation just stated, it follows then that when 
wc fix any probable value for the specific exponent for a definite 
species, Littorina sitchana Phil., the different values of the local constant 
determine the degrees of the local variations. Moreover, from the fact 
that at either Asadokoro or Yunoshima the difference between the 
ratios from the different sets of specimens hardly surpassed 0.003, the 
determination of the ratios sppears to me very reliable. 

The Growth Relation between the Height and the 
Width in Sphacrium hctcrodon Pils. 

(Tables 8 and 9, and Plate 2) 

We have studied already that 498 specimens from a city gutter at 
Komegafnkuro, Sendaii .showed the relation’^ 

Height:=0,348 x Width (Table 8). 

In order to test this relation again, 1025 specimens were collected 
by Mr. Futoshi Onodeka, Miss Matsu Fukushima, and myself from 
an irrigating gutter at Kita-Rokubancho, Sendai, and the measurements 
were taken by Miss Matsu Fukushima in the same way as in the 
specimens from Komegafukuro. 

After calculation the relation 

Height=0.337 x Width' (Table 9) 


O Nomura, a. /. r. 
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Table 8. 


Sphaeritm (Kooiegafukuro, Sendai) 


^ Width 

in mm* 

Koi of 
•beUs 
stodied 

Average 

height 

in mm. 

Cilculeted 

height 

in mm. 

Width 

in mm. 

* No. of ^ 
ehdU 
stodM 

' Average'' 
height 

in mm. 

Ctkulated 

height 

in mm. 

6.1 

2^ 

3.40 

8.40 

7.9 

28 

4.68 

4.70 

6 3 


8.67 ] 

8.47 

8.0 

25 

4.79 

6.78 

6.8 

6 ! 

3.,S« ! 

! 3.64 

8.1 

28 

4.87 

4.86 

6.4 

11 

8.63 

. 8.61 

8,2 

24 . 

4.98 

4.98 

6.6 

7 

8.67 ; 

1 8.68 

8.8 

26 

5.04 

6.01 

6.6 

6 

8,67 

8.76 

8.4 i 

ao 

6.01 

6.08 

6.7 

10 1 

1 8.82 1 

1 8.82 

8.6 ! 

1 16 

6.84 

6.16 

6.8 

16 

8.89 

: 3.80 

8.6 


6.26 

5,24 

6.0 

19 

8.92 

8.97 

8.7 1 

1 18 

6.81 

6.81 

7,0 

14 

4.06 

4*04 

8.8 i 

; 15 

6.89 

6.89 

7.1 

11 

4,09 

4.11 

8.9 

1 10 

6.51 

5.47 

7.2 

19 

1 4.18 

4.10 

9.0 

; 

6.63 

6.64 

7.8 

19 

! 4.23 

! 4.26 * 

9.1 

1 16 

5.61 

6.62 

7.4 

28 

i 4.83 

4.83 

9.2 

2 

6.76 

6.70 

7.6 

16 

1 4.89 

4.41 

9.8 

‘ 8 

6.80 

1 6.78 

7.6 

1 20 

4.46 

: 4.48 

9.4 

1 6, 

6.87 

6.86 

7.7 

20 

4.62 

, 4.66 

9.6 

: 6. . 

6,82 

i 6.94 

7.8 

; 26 

; 4.62 

: 4.63 


1 

1 

i_ 


Table 9. * 

Sphaerium (Kita*Rokubancbo, Sendai) 


Width 

No. of 
shells 

Average 

height 

Calculated 

height 

Width 

No. of 
shelU 

Average 

height 

Caiculaf^ 

height 

in mm. 

studied 

in mm. 

in mm. 

in mm. 

Studied 

in ram. 

, 

in mm. 

6.0 

20 

3.10 

8.11 

8.8 

80 

4.69 

4.65 

6.1 

28 

3.10 

8.17 

8.4 

SO 

4.66 

4.72 

6.2 

80 

3.20 

8.24 

8.6 

80 

4.82 

4.79 

6.8 

80 

8.39 

s.so 

8.6 

80 

4.78 

4.86 

6.4 

30 

8.48 

8.87 

8.7 

80 

4.01 

4.93 

6.6 

80 

8.47 

8.43 

8.8 

25 

4.08 

5.00 

6.6 

30 

8.66 

8,60 

8.0 

IS 

6.16 

6.07 

6.7 

80 

8.67 

8.57 

9,0 

27 

6.20 

6.14 

6.8 

80 

3.04 

8.83 

9.1 

26 

6.17 

5.21 

0.0 

80 

3.78 

8.70 

9.2 

21 

6.40 

6.28 

7.0 

80 

3.78 I 

8,76 

9,8 

14 

6.86 

6.86 

7.1 

80 

3.88 j 

1 8.88 

9.4 1 

11 

5.61 

6.42 


80 

8.87 1 

r 8.90 

9,5 

17 

5.66 

6.60 


80 

8.00 i 

8.96 

9.6 1 

9 

6.68 

6867 


18 

4.C8 

4.08 

9.7 

12 

[ 5.62 

5.64 


80 1 

4.13 

4.10 

9.8 

11 

E : 6.72 

6.71 

7.rfe 


4.22 

4.17 

10.0 

11 1 

1 6.86 

6.86 

7.7 


4.18 

4.24 

10.1 

8 1 

6.00 

6.98 

7.8 


4.22 

4,80 

10,2 

6 > 

1 6,96 

%oo 

7.9 

19 

4.84 

4.87 

10.8 

8 

6.98 I 

6.08 

8.0 

80 

4.41 

4.44 

10.4, 

. \ 2 *: 

6.00 

6.16 

8.1 

80 

4.88 

4.61 

10.6 

2 

' 8.10 

6.22 

8.2 

80 

4.84 

4.68 

10.7 j 

1 

8.80 - I 
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was obtained for the specimens from Kita-'Rokubancho with the same 
specific exponent but with a difierent local constant from the $pecimehs 
from Komegafukuro. 

The Growth Relation beiwken the Height and the 
Width in Limnaea japonica Jav. 

(Tables 10-12, and Plate 8) 

1281 specimens were collected by Mr. Kunio Ito from a pool at 
Mukaiyama, Sendai, and 413 specimens were collected by Mr. FirrasHi 
Onodera, Miss. Matsu Fukushima, and myself from an irrigating 
gutter at Odawara, Sendai, The s|3ecies was kindly identified by Prof. 
Sanji Hozawa, and the measurements were taken by Miss Matsu 
Fukushima. 

After calculation we obtained the following relations : 

Height—0.637 X Widthfor Mukaiyama specimens (Table 10), 
and Heights=0,466 X Widthfor Odawara specimens (Table 11). 



Fig. 2. Limttata jnjktmta Jay to illustrate the relation between the height amlj the 
width. Magnified, A. side view, W. dorsal view, h-h. height, w-w. width. 


DETERMINATION OF TliE VALUE OF THE SPECIFIC EXPONENT. 

If 'we do not need to determine the value of the specific exix)nent 
so sharply, 1.00 .seems to me to be most practical for Limnnca japonica 
Jay, 


DETERMINATION Of THE RATIO BETWEEN THE 
JLOCAL CONSTANTS. 


In Table 12 the values of the local constant which were 
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Table .10. 

JJmnaea (Mukaiyama, Sendai) 


Width 

No. of 
shells 
studied 

Avera^re 

height 

Calculated 

height 

Width 

No. of 
iiheUi 
studied 

Average 

height 

Calculated 

height 

in mm. 

in mm. 

in jnm. 

in. mm. 

in mm. 

in mm. 

5,0 

16 

2.68 

2.64 

0.7 

17 

6.11 

6.00 

5.1 

6 

2.88 

2.60 

9.8 

10 

6.14 

6.14 

5.2 

10 

2.80 

2.76 

9.9 

10 

5.20 

5.20 

5.S 

7 

2.80 

2.80 

10.0 

32 

5.25 

6.26 

5.4 

18 

2.84 

2.86 

10.1 

9 

5.80 

5.30 

6.6 

10 

2.94 

2.90 

10.2 

14 

5.45 

5.85 

6.0 

16 

2.07 

2.96 

10.8 

19 

5.84 

6.40 

5.7 

17 

3.00 

8.01 

10.4 

16 

5.44 

6.46 

5.8 

16 

3.08 

3.06 

10.5 

23 

5.86 

6.61 

5.0 

19 

8.06 

3.11 

10.6 

10 

5.61 

6.66 

e.o 

36 

8.19 

3.16 

10.7 

10 

6.61 

6.61 

6.1 

16 

3.23 

3.22 

10.8 

17 

5.60 

5.67 

6.2 

16 

3.24 

8.27 

10.0 

10 

5.64 

6.72 

6.3 

19 

8.31 

8.82 

11.0 

23 

5.78 

6.77 

6.4 

82 

3.85 

8.37 

11.1 

7 

5.69 

5.82 

6.5 

24 

8.48 

8.48 

11.2 

13 

5.82 

6.87 

6.6 

14 

8.45 

8.48 

11.3 

8 

5.74 

5.92 

6.7 

26 

8.67 

3.68 

11.4 

8 

6.01 

5.98 

6.8 

19 

3.58 

3.58 

11.6 

15 

6.06 

6.08 

6.9 

23 

8.72 

8.68 

11.6 

6 

6.23 

0.08 

7.0 

87 

8.69 

3.68 

11.7 

7 

6.17 

6.13 

7.1 

13 

8.77 

8.74 

11.8 

9 

6.16 

6.18 

7.2 

25 

8.87 

i 8.70 

11.9 

3 

6.87 

' 6.23 

7.8 

S3 

8.88 

i 3.84 

12.0 

1 11 

6.22 

! 6.29 

7.4 

21 

8.00 

' 8.89 

12.1 

5 

6.24 

! 6.84 

7.5 

SO 

3.88 

8.06 

12.2 

4 1 

6.80 

1 6.39 

7.6 

10 

4.07 

4.00 

12.3 

16 

6.80 

i 6.44 

7.7 

19 

4.02 

4.06 

12.4 { 

8 

6.63 

6.49 

7.8 

29 

4.06 

4.10 

12.5 

7 

6.37 

> 6.54 

7.9 

22 

4.17 

4.16 

12.6 

4 

6.48 

1 6.59 

8.0 

29 

4.18 

; 4.21 

12.7 I 

1 

6.60 

6.65 

8.1 

10 

4.29 

1 4.26 

12.8 1 

6 

6.68 

6.70 

8.2 

16 

4.80 

1 4.81 

12.9 1 

2 

6.66 

6.75 

8.8 

26 

4.39 -i 

i 4.86 

131.0 j 

i 1 

6.40 

6.80 

8.4 

19 

4.88 

1 4.42 

18.1 

1 3 

6.80 

6.86 

8.5 

16 

4.48 

1 4.47 

18.2 

8 

6.60 

6.91 

8.6 

14 

4.59 

4.62 

18.3 

8 

6.07 

6.96 

8.7 . 1 

17 

4.66 

4.67 

18.5 1 

2 

7.06 

7.06 

8.8' 

15 

4.56 

4.62 

18.7 

1 

7.80 

7.17 

8.9 

14 

4.68 

4.68 

JL3.8 

1 

7.00 

7.22 

9.0 

29 

4.76 

4.78 

14.0 

2 

7.86 

7.82 


14 

4.80 

4.78 

14.1 j 

1 

7.60 I 

7.87 

9.2 

18 

4.84 

4.83 

14.3 

1 

7.00 1 

7.48 

9.8 

9 

4.87 

4.88 

14.6 

1 

8.00 

7.68 

9.4 

15 

4.98 

4.04 

14.7 

1 

7.00 

7.68 

9.5 

12 

6.04 

4.00 

15.2 

1 

8.80 

7.94 

9.6 

18 

6.04 

6.04 


i. 

— 

— 
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Taulk 11. 

Limnaea (Odawara, Sendai) 
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Width 

in mm. 

Ko. of 

titodied 

Avtmge 

height 

in mm. 

CfdcuUted 

height 

in mm. 

Width 

in mm. 

No. of 
shells 
studied 

Average 

height 

in mm. 

Calculated 

height 

in mm. 

18.S 

s 

9.25 

9.04 

19.7 

4 

9.58 

9.74 

18.6 

8 

0.40 

9.14 

19.8 

1 

9.70 

9.80 

18.6 

8 

9.48 

0.10 

20.0 

4 

9.98 

9.90 

18.7 

2 

9.20 

9.24 

20.1 

1 

10.00 

9.94 

18.8 

8 

! 9.20 

. 9.29 

20.6 

4 

1 10.28 1 

1 10.15 

18.9 

1 

9.20 

9.84 

20.6 

’• 

1 10.20 

10.20 

19.1 

1 

1 9.10 

, 9.44 

20.7 

i 2 

! 10.20 

10.26 

19.2 

8 

; 9.48 

1 9.49 

21.0 

1 

1 10.70 

10.40 

19.4 

1 

9.60 

1 9.69 

21.4 

1 1 

10.40 

10.60 

19.6 

2 

10.10 

! 9.64 

22.1 

! 1 

1 10,90 

10.96 

19.8 

2 

10.10 

9.69 

22.6 

! 1 

10.80 

11.16 


determined from the determination of the value of the specific exponent 
X and the ratios between the values of k are given tc^ether. In the 
calculation of the ratios, for convenience, the value of k from the 
Mukaiyama specimens was taken as the unit. It may be seen in this 
table that, as in Table 7, the ratio between the values for k at the 
two localities is constant even with a different value for x. 


Table 12. 


Limmea japomca Jav 


--- 1 

4raB0.99 

I A^-1.00 



Value of k 

Ratio 
between k 

Value of k 

Ratio 
between k 

Value of « 

Ratio 
between /t 

Mukaiyama 

0.537 

1.000 

0.624 

1.000 

0.498 

1.000 

Odawa^ 

0.M9 

0.086 1 

0.490 j 

0.986 

0.466 

0.986 


The GRO^vrII Relation between the Height and the 
, Width in Vwipams Japonictis var. iwaketwai Pils. 

(Tables 13-15 and Plate 4.) 

214 sp^mens were collected from a paddy-field near Hanamaki, 
Iwate-Ken^ by Mr. Kozo Mikami, a business-man who is much interested 
in scientific .investigation, and 360 specimens were collected from a 
dty pond ^ Sendai by Mr. Futoshi Onodera. The species was 
kindly identified by Mr. Shichihbi Nomura, and the measurements 
were taken |)y Mr. Furosui Onodera. 
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DETERMINATION OF THE VALUE OF THE SPECIFIC EXPONENT. 

] .00 .seems to be most practical for Vh>ipants japonicus var. kvakawai 
PiLS. 


UETERMIN.ATION OF THE RATIO BETWEEN THE 
LOCAL CONSTANTS. 

In Table 16 the values of the local constant and the ratios between 


Tawle 13. 


Viviparus (llanamaki, Iwate-Ken) 


Width 

ia mm. 

I No. of 

1 shoUft 
j ntiutied 

Average 

height 

in mm. 

Calculated 

height 

in mm. 

Width 

1 

in mm. 

i No. of 

1 nhelh 
studied 

Average 

height 

1 in mm. 

Calculated 

height 

in mm. 

18.5 


12.80 

18.06 

86.8 1 

! 1 

19.20 

18.77 

20.S 


1 14.C0 

14.28 

27.0 

1 

19.00 i 

i 18.91 

21.2 

t 1 

14.60 

14.92 

27.1 

2 

18.95 1 

1 18.98 

S1.0 

1 

15.20 I 

16.10 

27.2 

1 

19.50 1 

19.04 

22.0 

1 

15.50 1 

15.47 

27.5 

2 

10.30 1 

19.26 

22.7 

2 

15.70 

15.95 

27.6 

1 

1 10.20 1 

1 19.82 

2S.1 

i 1 1 

16.10 

16.22 

27.7 

8 

19.47 

19.39 

24.8 

‘ ^ i 

16.20 

17.40 

27.8 

1 

18.80 

19.46 

25.1 

1 1 i 

16.70 

17.60 

27.9 

2 

! 10.66 

19.52 

25.0 

1 i 

18.50 

18.15 

28.0 

1 

20.00 

19.59 

26.1 

' ^ 1 

18.00 

18.20 

28.1 

1 1 

10.60 i 

19.66 

26i4 

1 1 ' 

1 1 

19.80 

18.50 

28.2 1 

1 .,. 

20.06 

19.7.8 
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Width 


No. of 
shells 


in mm. 


studied 


28.3 

28.4 
28.6 
28.6 

28.7 

28.8 

29.1 

29.2 

29.3 

29.4 
29.6 

29.6 

29.7 

29.8 
30.0 

30.2 

80.3 
.30.4 
80.6 

30.6 

80.7 

80.8 

30.9 
81.0 
81.1 
31.2 

31.4 

31.6 

81.6 

31.7 

31.9 
82.0 
82.1 

82.8 

82.4 
82.6 

32.7 

82.8 

32.9 
88.0 
38.1 
88^2 
33.8 


i 


1 


I 


1 

i 


I 

i 

1 


1 

1 

1 

1 

1 

1 

2 

1 

2 

2 

4 

1 

6 

1 

3 
2 
8 
8 
1 

4 
2 
1 
1 
4 
1 
6 
1 
8 
8 
2 

3 
6 

4 

3 
1 
2 

4 
3 
3 
1 
2 
1 
3 


Average 

height 

in mm. 

Calculated 

height 

in mm. 

Width 

in mm. 

No. of 
idiells 
studied 

Average 

height 

in mm. 

Calculated 

height 

in mm. 

20.60 

19.60 

33.4 

8 

23.44 

23.29 

20.60 

19.87 

88.6 

6 

23.30 

28.86 

19.60 

19.94 

33.6 

1 

24.30 

231^3 

20.00 

20.01 

33.7 

4 

28.43 

28.49 

19.40 

20.08 

33.8 

2 

23.60 

23.66 

8P.00 

20.14 

38.9 

3 

23.40 

28.63 

21.06 

20.88 

84.1 

3 

23.43 

28.77 

21.00 

20.42 

84.2 

2 

24.10 

23.84 

20.90 

20.49 

84.3 

O 

id 

24.85 

28.91 

20.40 

20.66 

34.4 

2 

24.16 

23.97 

20.20 

20.62 

84.6 

2 

^4.06 1 

24.04 

21.00 

20.69 

34.6 

1 

23.70 

24.11 

20.78. 

20.76 

.34.7 

1 2 

24.20 

24.18 

21.10 

20.82 

34.8 

2 

24.26 

24.25 

21.00 

20.66 

34.9 

! 4 

24.38 

24.82 

22.10 

21.10 

36.0 

4 

1 24.45 

24.S8 

20.43 

21.17 

86.1 

' 1 

26.60 

24.46 

21.17 

21.24 

36.4 

1 4 

24.63 

24.66 

21.80 

21.81 

36.6 

1 

: 24.20 

24.80 

21.86 

21.38 

86.9 

1 2 

, 24.80 

25.00 

21.70 

21.46 

86.1 

! 2 

1 26.16 

25.13 

22.70 

21.61 

36.2 

i 1 

24.80 

25.20 

21.40 

21.68 

86.8 

1 4 

i 26.73 

25.27 

21.40 

21.66 

86.8 

1 1 

• 26.60 

25.61 

22.00 

21.72 

86.9 

1 2 

: 26.90 

25.68 

22.00 

21.79 

87.1 

1 

1 26.70 

25.81 

22.20 

21.92 

37.2 

1 1 

' 26.60 

25.88 

.22.80 

21.99 

37.3 

t 2 

26.66 

25*95 

1 22.63 

22.06 

87.6 

2 

1 26.90 

26.16 

i 21.66 

22.1.8 

87.8 

j 1 

; 26.90 

I 26.29 

1 22.88 

22.27 

87.9 

• 2 

27.00 

1 26.36 

22.42 

; 22.64 

88.0 

i 1 

26.90 

1 26.43 

22.68 

22.40 

88.1 

1 

26.70 

1 26.50 

! 22.77 

22.64 

38.3 

1 1 

1 26.80 

26.64 

1 22.10 

22.60 

88.6 

1 1 

' 26.70 

26.77 

i 23.66 

22.67 

88.6 

, 1 

: 26.90 

26.^4 

23.00 

22.81 

39.0 

' 1 

; 27.10 

27.11 

1 28.20 

22.88 

89.2 

i 2 

: 28.26 

27.25 

23.27 

22.96 

39.8 

1 

; 26.00 

27.32 

23.60 

1 r8.»'2 

89.6 

1 

27.00 

27.52 

23.20 

i 23.08 

40.3 

1 

27.30 

1 28.00 

: 28.90 

23.16 

40.4 

1 1 

27.60 

I 28.06 

j 28.83 

23.22 

—• 

1 ' 

1 

j 

1 


them 8tre give,i> t^^ethcr. In the calculation of the ratios, for con¬ 
venience, the value of k from the Sendai specimens was taken as the 
unit. 







AND THE GROWTH RELATIONS IN MOLLUSCAK SHELLS 81 


Table 14. 

Vhdparus (Sendai, Miyagi-Ken) 


wiaui 

in mm. 

No. of 
shells 
studied 

Average 

height 

in mtn. 

Calculated 

height 

in min. 

Width 

in mm. 

i No. of 
sliells 
; studied 

' Average 
' height 

j in mm. 

Calculated 

height 

in mm. 

11.0 

1 

7.90 

7.46 

20.5 

! 2 

14.60 

14.07 

12.6 

1 

8.70 

8.49 

20.0 

8 

14.80 

14.14 

12.7 

1 

8.40 

8.63 

20.7 

1 

; 14.80 

14.21 

12.8 

1 

9.00 

8.70 

20.9 

2 

i 14.20 

14.36 

id.o 

2 

9.00 

8.84 

21.0 

' 2 

, 14.40 

14.42 

12.2 

1 

8.90 

8.98 

21.2 

1 

14.50 

14.56 

18.6 

3 

9.23 

9.19 

21 ..8 

i 3 

i 14.47 

14.68 

18.0 

1 

9.60 

9.26 

21.4 

i 1 

! 14.90 

14.70 

13.8 

1 

9.10 

9.89 

21.6 

1 

1 14.80 

14.84 

14.5 

1 

9.60 

9.88 

21.7 

1 

14.20 

14.91 

14.8 

2 

10.80 

10.09 

21.8 

3 

14.78 

14.98 

14.P 

1 

9.10 

10.16 

22,0 

i 2 

14.90 

15.12 

16.0 

1 

10.60 

10.28 

22.1 

1 

, 14.80 

15,19 

16.2 

1 

10.00 

10.87 

22.8 

! 1 

{ 14.90 

15.33 

16.3 

2 

10.80 

10.44 

22.4 

1 

15.00 

15.40 

16.4 

1 

10.00 

10.61 

22.6 

i 7 

16.37 

16.47 

16.8 

1 

11.20 

10.65 

22.6 

; 2 

, 15.80 

15.64 

16.8 

1 

10.50 

10.79 

22.7 

1 

15.90 

15.61 

18.1 

1 

11.60 

10.99 

22.8 

1 

16.06 

16.68 

18.2 

1 

11.26 

11*07 

22.9 

4 

16.80 

16.76 

16.6 

2 

11.17 

11.84 

28.0 

r* 

t 

15.44 

15,82 

18.7 

1 

18.00 

11.41 

23.1 

1 

15.60 

15.89 

18.9 

J 

11.10 

11.6.5 

23.2 

4 

15.83 

15.96 

17.2 

8 

n.78 

! 11.76 

23.8 

8 

: 16.6.S 

1 16.03 

17.8 ; 

1 

11.60 

! 11.88 

2.3.4 

4 

: 15.76 

16.10 

17.6 i 

2 

11.85 

i 11.97 

28.6 

2 

16.00 

16.24 

17.8 : 

1 

11.50 

' 12.04 

23.7 

1 

, 16.10 

16.31 

17.7 1 

8 

12.42 

i 12.11 

23.8 

.3 

■ 15.87 

' 16.38 

17.8 ! 

2 

12.80 

12.18 

28.9 

8 

15.97 

16.46 

17.9 1 

2 

12.60 

1 12.26 

24.0 

i 3 

: 16.80 

16.52 

18.0 ' 

4 

12.88 

1 12.82 

24.1 

2 

16.80 

16.50 

18.1 i 

2 

18.10 

12.39 

24.2 

4 

16.58 

16.66 

18.2 1 

1 

i 12.90 

! 12.46 

24.3 

4 

16.80 , 

, 16.73 

18.8 { 

2 

12.80 

12.68 

24.4 

I 1 

; 16.10 

16.80 

18.4 

2 

12.96 

12.CO 

24.5 

1 H 

16.50 j 

[ 16.87 

18.6 

4 

12.56 

! 12.67 

24.6 

1 

; 16.80 

16.94 

18.8 ; 

1 j 

12.40 

1 12.74 

24.7 

. 1 

16.80 

17.01 

18.7 ; 

1 

18.70 

12.81 

24.8 

1 1 

17.10 

i 37.08 

18.8 

4 1 

13.05 

12.88 

24.9 

5 

: 17.10 ; 

i 17.15 

18.9 ! 

4 , 

13.95 1 

I 12.96 

25.0 

. 1 

17.00 

17.22 

19.0 i 

1 1 

12.68 

13.02 

26.1 

' 6 

17.98 

17.29 

19.1 j 

3 1 

13.18 1 

1 18.09 

25.2 

i 1 

17.00 

17.36 

19.8 ! 

2 1 

14.20 1 

18.28 

26.3 

: 0 

t 17.12 

17.43 

19.4 1 

2 I 

18.25 1 

18.80 

25.4 

! 5 

17.18 

17.61 

10.6 ! 

1 i 

13.10 ! 

13.87 

26.5 

4 

17.60 

17.68 

19.8 1 

1 t 

13.70 1 

13.44 

25.6 

1 

18.60 1 

17.66 

19.7 ! 

1 j 

12.90 

13.61 

25.7 

1 ^ 

17.90 

17.72 

20.0 ! 

3 

18.78 

18.72 

25.8 

, 3 

17.63 1 

17.79 

20.3 1 

1 I 

14.70 j 

IS.I-S 

25.9 

; 5 

17.56 ; 

17.86 

20.4 ; 

2 

18.85 

14.00 

26.0 

7 

17.44 1 

17.98 
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E. NOMURA 


Width 

in mm. 

No. of 
shelU 
studied 

Average 

height 

in mm. 

Calculated 

height 

in mm. 

Width 

in mm. 

No. of 
shells 
studied 

Average 

height 

in ram. 

Cakulated 

height 

in mm. 

26.1 

1 

18.10 

18.00 

29.3 

3 

19.70 

20.26 

26.2 

8 

17.08 

18.07 

29.4 

2 

21.78 

20.82 

26.3 

3 

17.87 

18.14 

29.6 

2 

19.90 

20.39 

26.6 

I 

18.00 

18.28 

29.6 

2 

21.18 

20.46 

20.6 

3 

18.70 

18.36 

29.7 

2 

20.90 

20.63 

26.7 

4 

18.70 

18.42 

29.8 

1 

20.20 

20.60 

26.8 

3 

18.47 

18.49 

29.9 

2 

20.60 

20.67 

26.9 

8 

18.78 

18.66 

80.0 

2 

20.90 

20.74 

27.0 

4 

18.78 

18.63 

80.1 

2 

20.63 

20.81 

27.1 

4 

19.23 

18.70 

.80.3 

1 

20.60 

20.96 

27.2 

3 

19.08 

18.77 

30.6 

1 

20.40 

21.10 

27,8 

1 

19.80 

18.84 

80.6 

1 

20.90 

21.17 

37.4 

2 

18.76 

18.91 

80.7 

1 

21.00 

21.24 

27.6 

4 

19.20 

18.98 

30.8 

1 

21.60 

21.31 

27.6 

1 ! 

1 19.86 

10.06 

80.9 

1 

21.60 

21.38 

27.7 

2 

18.66 

10.12 

31.0 

1 

1 21.40 

21.46 

27.8 

1 

19.00 

10,19 

31.2 

3 

21.77 

21.69 

27,9 

4 

10.68 

19.26 

31.4 

2 < 

1 21.96 

21.73 

28.0 

i 3 

19.27 

19.88 

31.8 

1 

1 21.70 

22.02 

28,1 

1 

19.60 

19.41 

31.9 

1 

22.60 

22.09 

28.2 

4 

19.88 

10.48 

32.2 

1 

22.70 

22.30 

28.8 

2 

19.06 

19.66 

82.4 

1 1 

22.80 

22.44 

28.4 

3 

19.87 

10.62 I 

32.8 

1 1 

22.60 

22.72 

28.6 

8 

19.48 

19.60 

34.1 

3 

24.07 

23.64 

28.6 

8 

10.86 

19.76 

34.3 

2 

24.40 

28.78 

28.7 

1 

20.10 

10.88 

84.7 

1 

26.46 

24.06 

28.8 

1 

21.40 

19.90 

86.0 

1 

26.00 

24.99 

28.9 

2 

20.16 

19.07 

36.2 

2 

24.66 

26.12 

29.0 

1 

20.60 

20.04 

86.3 

1 

26.80 

26.19 

20.1 

2 

20.06 

20.11 

36.4 

1 

26.86 

26.27 

29.2 

4 

20.80 

20.18 

— 

— 

— 

— 


Table 16 . 


■ Viviparus japonicus var. iwakawai PiLS. 



4rs3:0.98 

jfiwl.CO 


1.02 


Value of 

Ratio 1 
between Jk 

Value of k 

Ratio 
between k 

Value of k 

Ratio 
between Jk 

Sendai 

Hanamaki 

0.786 

0.748 

1.000 

1.016 

0.691 

0.702 

1.000 

1.016 

0.646 

0.666 

1.000 

1.017 
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The Growth Relation between the Height and the 
Width in Young Specimens of Littorina sitchana Phil. 

AND OF Sphaerium heteradan Pils. 

(Tables 16 and 17) 

It was suspected in the young specimens of Littorina sitchana Phil. 
from Watanoha that the growth relation between the height and the 
width might be represented by a straight line, a^kb (Plate 1, thinner 
two-dotted chain line). 

The measurements of 200 young specimens of Littorina sitchana 
Phil, from Yunoshima and of 103 young specimens of Sphaerium 
heterodon Pils. from Kita-Rokubancho were taken by Miss Matsu 
Fukushima and the following equations were obtained: 

Height=0.803 X Width for Littorina sitchana Phil. (Table 16), 

Height= 0.633 X Width for Sphaerium heterodon Pils. (Table 17). 

From the above relations it appears to me to be true that at least 
the niolluscans which were} studied in this paper show a growth relation 
between the height and the width which may be expressed by a^kb 
while they are young or during their life. 

Table 


Littorina (Yunoshima, Asamushi) 


Width 

in mm. 

No. of 
shells 
studied 

. ■ . 

Average 

height 

in mm. 

Calculated 

height 

.in mm. 

Width 

in mm.' 

i No. of 
, shelb 
studied 

' Average 
height 

in mm. 

Calculated 

height 

in mm. 

8.S 

2 

2.66 

2.66 

6.4 

10 

4.42 

4.84 

8.6 

1 

2.80 

2.81 

6.6 

i 8 

4.88 

4.42 

8.8 

2 

S.IO 

.*t.06 

6;6 

8 

4.64 

4.60 

4.0 

2 

8.16 

8.21 

6.7 


4.64 

4.68 

4.1 

s 

8.88 

8.20 

6.8 

i n 

4.66 

4.66 

4.2 

7 

8.41 

8,87 

6.0 

! 6 

1 4.80 

4.74 

4.8 

2 

8.86 

8.46 

6.0 

14 

4.84 

4.82 

4.4 

4 ! 

3.48 

.8.68 

6.1 

! 7 

! 4.87 

4.00 

. 4.6 

. 4 

8.68 

. 8.61 

6.2 

• 4 

: 4.96 . 

4.08 

4.8 

6 

3.66 

8.60 

6.8 

4 

I 6.10 

6.06 

; 4.7 

8 

8.78 , 

8.77 

6.4 

6 

i 6.10 

5.14 

4.8 

6 

8.80 

8.86 

0.6 

“ 8 

, 6.20 

6.22 

4.0 . 

■ 7 . 

: .8/06 

8.08 

6.6 

6 

6.86 

5.80 

6.0 

10 

4.06 

4.01 

6.7 

8 

1 6.84 

5.88 

6.1 

■ n 

4.17 

1 4.10 

6.8 

1 

6.20 

6.46 

6.2 

7 

4.27 

1 4.18 

6.0 

4 

6.48 

6.64 

6.8 

10 

4.81 

4.26 

— 

1 — 

1 

— 








B. NOMt^RA 


Ta^le 17. 

Sphaerium (Kita-Rokubancho, Sendai) 


Width 

tti mm. 

No. of 
fthells 
studied 

height 

in mm. 

Calculated 

height 

in mm. 

Width 

in mm. 

No. of 
shells 
studied 

Average 

height 

in mm. 

height 
id mm. 

BUfl 

’ 8 

2.60 

2.69 

5.5 

13 

a.M 

2.95 

5.1 


2.70 

2.74 

5.6 . 

12 

S.00 

3.01 

5.3 

7 

2.79 

2.79 

5.7 

18 

8.oa 

8.06 

U.8 

1 6 1 

2.92 

2.85 

5.8 

19 



5.4 

' 5 ! 

j 

2.92 

2.90 

5.9 

18 




Summary and Conclusions. * 

1. The growth relation between the height and the width of 

Uttorina^ Limndea^ Vtviparust and Sphaerium can be expressed bj' 
the equation in which a and d are the measurements, k the 

local constant, and x the specific exponent. 

2. The value of the speci6c exponent is constant in a definite 
species, while the value of the local constant difiers according to 
individuals as well as to locality. 

3. In Limnaea japcnica Jay and Vhdparus japmicus var. iwakawai 

PiLS. Helght«ri? X Width 

4. In specimens of Littorina sitchana Phil, of width narrower 

than 6-7 mm. Height«>6x Width’ ^ 

but in specimens of width wider than 6-7 mm. 

Height^ry^-x Width 

6. In specimens of Spltaerium heierodon Pils. of width narrower 
than 6 mm. Height=^ x Width ^ ^ 

but in specimens of width wider than 6 mm. 

' Height=/frx.Width*'". 

<5. We can determine a probable value of the specific exponent 
from a number of specimens smaller than 600. 

7# . When a probable value of the specific exponent is determined, 
the i^tio between the corresponding values of tlie local constant shows 
a comparative degree of individual or of m6an local vaiiatioh. 

March 30, 1926, ; 














Nomura. Littorina sitchana Phil. 











EL Nomura. Sphaerinm luterodon Pius. 
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Nomura. Utnnaea japonica Jay. 






Hanamaki, Iwate-Ken (H— 0 » 748 W 



The plate was plotted from Tables 18 and 14. H height, W width. The thinner lines denote the relations between the height and the wMtb obtained from the actual 
















Somd preliminary Notes on the ^eha'vfbr of the 
Holothurian, Caudina diilensh (J. MOller)/ 

By 

Toshihiko Yamanouchi. 

(Zoological laboratory, College of Science, Kyoto Imperial University.) 

The present investigations were undertaken at the suggestion of 
Prof. Hatai and were carried on along the coast near the Asamushi 
Manne Biological Station during the thirty days from the middle of 
August to the middle of September 1926. 

HABITAT AND GENERAL BEHAVIOR OF THE ANIMAL. 

This animal lives in fine sand rich in organic substances and is 
found most abundantly at a shallow sea bottom where the depth of 
the water is about 30 cm. at low tide. 

For the convenience of explaining the posture of this animal in the 
sand, let us devide its body into two portions, trunk and tail. The 
trunk is the anterior portion, which is specially swollen, in distinction 
to the tail or posterior portion, which is slender and contains cloacal 
muscles. The whole body of the animal always lies embedded in 
sand with the posterior end directed upward and the. anterior end 
downward, and in most cases the posterior portion of the tail lies 
perpendicular to the surface of the sea b<,>ttom, while the trunk lies 
obliquely, making an inclinaticm of about Sff to the surface. In 
general, when the animal is in the natural position the end of the tail 
measure about 1.6 times the length of the trunk (Fig. .1). 

Generally, the largest specimens are found nearest the coast. This 
fact suggests that tW animal migrates toward the coast with the growth 
of the po4y. made an experiment on some individuals in connection 
with this behavior, but I was unable to.recognize such movements in 
siMte of a continuous ot^rvation for four days. 

Wlwrever thi; anitn^ lives we ^d, witjhout fail, an excremental 

* A ooDtriUition front 'UM Marian mdoalenl Station, AianuMiii, Aonoivltai. ‘ 
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Fig. 1. Diagr&mniatic vertical secttrm of a habitat to show the natural posture of 
CautHma* bs--bs, surface of sea ^tom; g, genital papilla; sc, sand cone; sd, 
sand depression; t, tail; tn, tentacles; tr, trunk. 

pile which is mainly composed of sand particles^ generally in the form 
of a cone. Ijet us call it hemafter the ‘'sand cone"' (Fig. 1. sc). 
The base of a sand cone generally makes a circular, sometimes an 
elliptical or oval, outline and its diameter sometimes reaches 30 cm. 

We often find a depression on one side of a sand cone (Fig. I, 
broken line). In this case the anterior end of the animal is always 
below the center of the depression. From this we may infer that the 
animal makes a depression because it swallows sand, and in turn, 
makes a sand cone because it excretes sand previously swallowed. 

When the shallow sea where the animals live is violently disturbed, 
for inst 2 tnce, by a strong storm, most of the sand cones break down 
and disappear. 

In collecting the animals, we utilize their natural posture in the 
sand, for at first w'e catch the tail portion at the axis of a sand cone 
with one hand and then begin to dig with the other hand in search 
of the trunk. In. the presence of a sand depression, knowing the 
position of the anterior end, we can at once dig out the whole body 
of the animal with both hands. 

It is worthy of note that when we pull the tail of the animal, a 
constriction, caused by the contraction of cloacal muscle, makes an 
accurate distinction between tfie tail and the trunk. 
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Fig. 2. Caudina place<l on a Pin ui dish (full line) showing ixwitive geotropism 
(l)rolccn line). 

I put a Phtiri dish up.side down in sea water and then placed an 
individual on this dish, the anterior portion of its trunk being projected 
over the edge of the dish (Fig. 2.). In this experiment I noticed that 
the anterior portion of the trunk curved downward, showing positive 
geotropism; that the oral tentacles, following the contraction of the 
oral muscles, came out of the mouth cavity; and that the rhythmic 
contraction of the circular muscle of the body propagated postero- 
anteriorly. This rhythmic contraction occurs at intervals from 34 sec. 
to 46 sec. (mean interval 37 sec.). 

I placed two individuals directly on sand in sea water. When they 
fully showed positive geotropism, I reversed their bodies, making the 
curved anterior ends toward upward. At intervals from 21 sec. to 
207 sec. they showed positive geotropism by turning the anterior ends 
vertically. From this we may infer that in the geotropism of the 
anterior portion of the animal the bending gives rise along the vertical 
plane which contains the body axis and any line along the body 
surface where attaches the substratum. 

The anterior end of the body curves downward, the tentacles reach 
the surface of the sand, and then the animal, following the rhythmic 
contraction of the circular muscle of the body which propagates 
postero-anteriorly, begins to force itself gradually into the sand. During 
this process, I have noticed that the contraction of the circular muscle 
at the anterior end results in a somewhat sudden thrust, but the 
relaxation brings about a slight retraction, followed by a shortening of 
the anterior portion of the body, which is caused by the contraction 
of the longitudinal muscles. 
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In general, the duration of time from the beginning to the completion 
of burial is pn^xMrtlonal to the size of the body. 

When the animal lies in the sand, the genital papilla is always 
found on the upper suriace of the body. In order to ascertain whether 
the posture just described is normal or not, I have carried on some 
experiments. 

1) After the complete intrusion of 20 individuals into the sand, I 
have tested their newly occupied postures and enumerated: 

in 17 individuals, genital papillae were found on the upper surface of the body, 
in 1 individual, genital papilla was found on the oblique upper suriace of the 
body, 

and in 2 individuals, genital papillae were found on the lateral surface of the body. 

2) After the complete intrusion into the sand of 21 individuals, 
whose genital papillae were situated initially on the upper surface of 
the body, I have enumerated; 

in IS individuals, genital papillae were found on the upper surface of the body, 
in 1 individual, genital papilla was found on the oblique lower surface of the 
body, 

and in 2 individuals, genital papillae were found on the lower surface of the body. 

3) After the complete intrusion into the sand of 11 individuals, 
whose genital papillae were situated initially on the lateral surface of 
the body, I have enumerated: 

in 8 individuals, genital papillae were found on the iipi^er surface of the body, 
in I individual, genital papilla was found on the oI>lk|ue upper surface of the 
body, 

and in 2 individuals, genital papillae were found on the lateral surface of the body. 

4) When th^ animal, whose genital papilla was situated initially 
on the lower surface of the body, was placed directly on sand, it began 
to force itself into the sand with the genital papilla at the given position, 
but when the trunk had been buried nearly half its length, the animal 
turned the posterior portion of the body, as is shown in Fig. f3, making 
the genital papilla occupy the upper surface of the body. 

When 44 individuals, whose genital papillae were situated initially 
on the lower surface of the body, showed several degrees of. intrusion, 
I enumerated the number of individuab which showed a simibr position 
of the genital papillae, and the results are given in Table 1. .From 
this table we may infer tliat in mbst cases when nearly half the length 
of die trunk is buried in sand the animals , make their bodies occupy 
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a portion which brings the genital papillae on the upper surface of 
the body. 

In summarizing the results from the above, experiments, it seems 
to be true that in the normal posture of the animal the genital papilla 
is rituated on the upper surface of the body. 

When the posterior half of the animal was embedded in the sand 
and the reniaining anterior half was erected vertically, the anterior 
end then curved downward, showing positive geotropism. Within the 
limit of my ob.servation, however, the animal came out once more from 
the sand and then made a definite intrusion in a similar manner to 
that stated in the above. 

When a large animal was kept in a laboratory aquarium in which 
the sea water was constantly renewed, it showed no changes from its 
normal behavior on the first day. On the second day, however, its 
tail portion came out of the sand and swang to ai|d fro, and on the 
third or fourth day the greater part of the body or the whole body 
came out of the sand and the animal moved about at random in the 
aquarium, its nature of intruding into the sand having been lost. In 
general, smalUsized specimens continued the normal posture in the 
sand for many days and I could observe some specimens which kept 
the normal posture from 10 to 14 days. 

SAND CONE. 

Sand cones were broken down by a severe storm of August 28. 
The sea became almost calm at 1 A. M. August 29. At 8 P. M. of 
the same day I found sand cones which were newly formed by the 
animals. I measured the basal diameters of 36 sand cones and obtained 
9 cm. as the average value,. 

In the actual determination of the weight of dried sand from a 
sand cone, the basal diameter of which was 9 cm.. I obtained 92 gms. 
as the probable weight of the sand which was contained in the sand 
cone. Since 9 cm. is the average basal diameter of the sand cmies 
which were newly formed by the animals during the interval fipom 1 
A.M. to 3 P. M. or 14 hours, we may infer, taking 92 gms. per 14 
hrs. as the baas of the calculation, that the animal swallows and 
excretes sand at the aver^ of 
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6.67 gms. per hour, 

168.00 gnis. i^er day, 

and 67670.00 gms. per year. 

Twenty hours after the beginning of the reformation, the sand 

cones showed somewhat irregular shapes and became low in compar¬ 
ison with the corresponding diameter. 

Before leaving the subject, I desire to express my sincere thanks 
to Prof. Hatai for his kind guidance and encouragement, and to Assist. 
Prof. Koxubo, Mr. Ogawa and Mr. Kawamoto for their assistance 
and warm friendship during my stay at Asamushi. I am also indebted 
to Prof. E. Nomura for his kindness of reading my manuscript and 
giving me valuable criticisms. 




Embryologische Studien an Hehniopsis brwiscapa. 

Von 

Tomowo Ono. 

1. Einleitung. 

Vom embryologischen Standpunkt aus Widen Liliaceen eine sehr 
interessante Familie; vide bedeutendc Untersuchungen wurden schon 
bei dieser Familie von den verschiedenen Forschern gemacht. Hcloni- 
i)psist auch eine Gattung dieser Familie, kommt aber ausschlicsslida in 
Ostasien vor und hat Ws jetzt fast gar keine Bearbeitung in dieser 
Richtung erfahren. Eine Spezies dieser Gattung, //. breviscapa^ wachst 
allgeniein in der Nahe von Sendai. Embryolc^ische Eizelheitcn dieser 
Pflanze werden iinten beschreiben werden. 

Als Fixierungsmethoden der Fruchtknoten benutzte ich die folgenden: 
1) Die 24 Stunden Fixierung mit Flemmings Losung nach 1 oder 
2 Minuten Beha^dlung mit Carnoys Losung, 2) 24 Stunden Fi.xierung 
nur mit Flemmings Losung, 3) 18 Stunden Fixierung mit B(.)i;ins 
Flussigkeit. Jede von diesen drei zeigte gleich ein sehr gutes Resiiltat. 
Es war aber fur die karyologische Untersuchung die letztgenanntc 
Methode nicht geeignet. 

Nach der Einbettung in Paraffin wurden die Materialien in 10 zu 20/i 
Dicke geschnitten. Zur Farbung habe ich Heidenhains Eisenhama- 
toxylin oder Siafranin-Tjehtgrun benutzt. Die letztgenannte Methode 
ergab vortreffliche Ergebnisse bei der Zcllwandfarbung. 

Diese Untersuchung wurde im biologischen Institut der kaiserlichen 
Universitat zu Sendai unter der Leitung von Prof. Dr. M. T.vmara 
ausgefuhrt. Ich mochte hier fur seine allseidge Unterstiitziing und 
Anregung meinen herzlichsten Dank auszusprechen. 

2- Embryosackbildung. 

Die Embryosackbildung bei Helaniopsis breviscapa verlauft ganz 
normal. Verschiedene Anomalien der Embryosackbildung wurden 
schon haufig bei Liliaceen gefunden; norcnale Entwicklung ist bei 
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dieser Famille ziemlich selten. Solche sind bis jetzt bei nur einigen 
Gattungen geschlldert, nahmiich bei Tricyrtis (Ikbda, 1902), Gloriosa 
(Afzeltus, 1918) \xnA Colchicum^^ (Heimann-Wxnawer, 1919)« Es 
wiirde merkwurdig sein, dass diese Gattungen und Heloniopsis alle den 
Mclanthioideen, der primitivsten Unterfamilie der Liliaceen, angehoretw 
Die Embryosackmutterzelle iiegt im Zentrum des Nucellarhockcrs 
und wird als ausdehnende und grosskernhaltigc Zelle charakterisiert. 

1 2 3 4 6 6 7 




Texlfig. I. Brnbryosackentwickloog (xCSO), ]2» Hetcro(ypis<be Mct&pha&e ia 

der EiQbrjoBackmuUenEctle (x700}. 


U Ziiicrt nach iSciiORnof^p (19SI(). 



EMBRYOLOGISCHE STUDIEN AN HELONIOPSIS BREVISCAPA J>5 

Textfig. I, zeigen die Tetradenbildung der Embryosackmuttcrzelle,. 
Die erste Kernteilung der Ethbr>rosackmutterze!le ist heterotypisch. In 
der Metaphase dieser Teilung trctcn 17 Gemini auf (Textfig. I, 12). 
Dann folgt die zweitc, homdotypische Kernteilung. Durch diese 
Teilungen entstehen vicr Megasporen, welche sich in einer Reihe 
anordnen (Textfig. I, 4). 

Die untcrste Zelle dieser so gebildcten vicr Mcgasporen wird die 
definitive primare Embryosackzelle, nimmt an Grosse bedeutend zu und 
somit verdrangt die drei iibrigen Megasporen (Textfig. 1, 6). 

Textfig, I, 6 zeigt das zweikernige Stadium dcs Embryosackes. 
Die beiden neiigebildeten Kerne wandern auseinander nach beiden 
Polen hin, wahreiKl das Plasma tmmcr mehr vacUolisIcrt Wird, und 
zuletzt entsteht Im Zcntriim eine grosse Vacuole ('fextfig. I, 7), Bald 
darauf sieht man dlc. zweimaligen sukzessiven Kernteilungen, wodurch 
ein vier-, zuletzt achtkerniger Embryosack entsteht (Textfig. 1/ 7> ^). 
Die beiden oberen von den vicr Kerrten im Mikropylarende Widen sich 
zu den zwei Synergiden aus und die beiden unteren zu einem P^ikern 
und einem Polkern. Ebensoauch entstehen im Antipodalende die 
Antipoden und ein Polkern (Textfig. I, 8, 9). Die beiden Polkernc 
kommen einander langsam naher und verschmelzen zuletzt miteinander 
in der Mitte dcs Embryosackes (Textfig. I, 9, 10), In dem durch die 
Verschmeizung der beiden Polkerne entstandenen Kern sind anfangs 
zwei Nukleoten zu erblicken, die jedoch bald zu einem grossen Nukleolus 
verschmelzen. Der Embryosack im fertigen Zustand ist gross und 
plasmaarm (Textfig. 1,11). Im Verhaltnis dazu ist die Eizelle ziemlich 
klein. Sie ist ellipsoidisch; im gespitzten Teile dieser Zelle liegt der 
Kern. Die beiden Synergiden habeti je eine grosse Vacuole am unteren 
Ende, und der Kern li^ am oberen Ende. Antipodalzellen sind 
zuerst einkernig, werden aber spater zweikemig. 

3. Befruchtung. 

Die Vereinigung der beiden Polkerne wird vor der Befruchtung 
ausgefiibrt. So sieht man im Zentrum des fertigen Embryosackes einen 
grossen sekundaren Endospermkern mit ejnem grossen Kernkorperchen. 

O Miyaji h«t ttihoD in den Wnrzetspitzen S4 Chromosofinenzahlen festgcstdlt (Imuikawa, 

1916). 
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Dtr dutch die Mtkropybre zuni Nucdlusscheitei wachsencte Poliensch- 
lauch dringt dann dutch eine der Syncf^den in die Eizellc vor. Das 
Plasnu des Schlauches ist sehr dicht und larbt sich so intensitiv, dass 
die Beobachtung der Kerne im Polleftschlauche erschwert wtrd. Zur 
Zeit der Befruchtung ist eine intensitiv geiarbte halbmondformige Masse 
in der Nahe der Eizelle sichtbar. Diese ist nichts anders als eine 
der zerstorten Synergiden, in welche ein Pollenschlauch seinen Inhalt 
entleert hat. 



'rextfig. II. IX)pt)elbefruchtungsverlauf (x 1000). 

Textfig. II, 1-3 zeigen die Verschnielzungsvorgange der m^nlichen 
Kemc mit dem Eikerne und dem sekundaren Embryosackkeme. Bei 
diesen Stadien nimmt der Embryosack an Grosse bedeutend zu, und 
ist ziemlich schwer, den ganzen Embiyosack in einem Schnitte zu 
erblicken. Die aus dem Pollenschlauche ausgetretenen zwei kugeligen 
kleinen Spermakerne (Textfig. 11, 1) sind beinahe gleichgestaltet. In 
jedem fehlt vorerst ein Nukleolus, wie bei der naheverwandten 
Gattung, Tricyrtis (Ikeda, 1902). Die beiden Spermakerne liegen 
zuerst nebeneinander (Text%. II, 1). Dann dringt der eine in die 
Eizelle ein (Textfig. II, 3), und der andere wandert gleichzeitig zum 
sekundaren Embryosackkeme (Textfig. II, 2). Zu diesem Zeitpunkt 
tritt cin Nukleolus in diesem Spemiakerne sehr deutlich auf. Im 
befruchteten Eikerne sieht man ofters zwei Nukleolen. Und im sekun¬ 
daren Embryosackkeme, welcher schon mit einem Spermakerne 
vereinigt ist, sind zuerst zwei ungleich grosse Nukleolen zu sehen, der 
kleinere stammt vom Spermakerne ab Die befruchtete Eizelle bekleidet 
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»ch mit etner Zellulosemembran und geht spater zu der Ausbildung 
<fcs Embryos uber. 


4. Em BR YOENTWICK.LUNG. 

Der einzetlige Proembryo ist vorcrst flaschenfbrmig, mit einer grossen 
Vacuole im basalen Teile (Textfig. Ill, 1). Die erste Teilungswand 
wird qucr angelegt und trennt etne kleine Zelle vom aufgeblasenen 
Fussteile. Die zvveite Kernteilung kommt immer in der Basalzelle des 
Proembryos vor. Textfig. Ill, 2 zeigt die Prophase dieser Teilung. 
Nach diescn Vorgangen entsteht ein dreizelliger Pnx^mbiyo; die drei 
Zellen liegen immer in einer Reihe (Textfig. Ill, 3). Die Spitzenzcllc 
eines solchen Proembryos i.st das iirspriingliche Kotyledon und teilt sich 



Tcxlfig. III. Embryoentwicklungiverlauf. ( x 1820). 

etwas friiher aLs die zwei ia^rigcn Zellen (Taxtfig. Ill, 4). Textfig. Ill, 
5 zeigt die Weitcrcntwicklung des Embryos; in dessen Spitzenzelle 
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finden wir schon vier Ketnie. Die zwei obersten Zellen stixf etwas 
plastnaarm und bleiben als Siispensorzellen bestehen, welche weiteren 
2^1lteiiungen nicht unterworfen sind, Zuletzt wird ein massiver Embryo 
au^bildet (Textfig. Ill, 6, 7), 

In Bczug auf die Embryoentwicklung gibt es vier Typen bei den 
Monokotytedonen d. i. Alisma-, Pistia-, D’lium-, und Orchid-Typus 
(CouLTEK und Chambeklain, 1903)i Bei Liliaceen finden wir meiaten- 
falls den lilium-Typus z. B. Ulium (Coulter, 1897), Erytkrmium 
(ScHAFFNER, 1901), Tutipa (Ernst, 1901), Asparagus (Robbins und 
Borthwick, 1025) u. a. Bei dicsem Typus finden die Teilungcn nach 
dcr ersten Querzellwandbildung unregelmassig statt. VVie oben er- 
wahnt, schreitet die Embryoentwicklung bei Heloniopsis, wenigstens in 
den friihcn Stadien, sehr regelm^ig vor und liefert eine Ausnahme 
in den liliaceen. Dcm Lilium-Typus gehort sic also nicht an, sondern 
viclmehr dem Alisma-Typus. 

5. Enoospermuildung. 

Betreffs der Endospermbildung der Angiospermen, gibt es zwei 
Haupttypen, namlich die nuklearc und die zellulare. Die nukleare Endo¬ 
spermbildung ist dadurch charakterisiert, dass sle mit ciner raschen 
Kernvemiehrung einsetzt, auf die erst spater die Zellbildung mit 
unbestimmter Zellwandorientierung foigt. Im Gegensatz hierzu ist die 
zellulare durch sofortige 2^11bildung mit bestimmter Wandorientierung 
schon nach dcr ersten Kernteilung charakterisiert. Ausser diesen zwei 
Haupttypen gibt es noch cinen andcren Typus, d. i. den Helobiae-Typus, 
ein Merkmal von der Reihe Helobiae. In diesem Typus, unmittelbar 
nach der Teilung des primaren Endospermkems, entstehen zwei ungieich 
grosse Zellen; die kleinere sitzt fiber den Antipoden luid die grossere 
nimmt den fibrigen Teil des Embryosackes ein. Die freien Kerntei- 
lungen gehen wiederum in diesen zwei Zellen vor. Aber in der 
kleineren bleiben die Kernteilungen auch bisweilen aus, Der anti- 
podale Abschnitt des Endosperms Von diesem Typus ist von einigen 
Autoren Basalzelie Oder Basalapparatus genannt worden. Der Helobiae- 
Typus kommt nach den neueren Untersuchwgen nicht nur in der 
Reihe der Helobiae, sondern auch in vielen Familien von Mono- und 
Diko^ledonen yor (Samuelsscsi, 1918, Palm, 1916, Schurhoff, 1924 
, u.a.). 
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Es ist bemerkenswcrt, dass sich die verschicdenen Typeji der 
Endospermbildung manchmal in ein und derselben Familie befinden. 
Bet Ltliaceen warfen bis vor kurzejtn nur die nuklearen bekannt worden, 
aber im Jahre 1924 teilte Dahlgren in seiner Abhandlung Seeliebs^^ 
Entdeckung von der Helobiae-Typus-Endospermbildung bei Tofieldia 
calyculata mit. Es sagt: „ Nach der ersten Teilung des primaren 

Endospermkerns, wird der Embryosack in eine grosse mikropylare und 
eine kleine basale Zelle zerlegt. pie weitere Entwicklung erfolgt durch 
freic Kernteilung und spatcr nachfolgende Zellbildung sowohl in der 
basalen wie auch in der mikropylaren Zelle, nur dass die Teilungen 
in der ersteren viel langsamer erfolgen als in der grosseren Tochterzelle/* 
Die Endospermbildung bei Helaniopsis verlauft ahnlich wie diese. 
Nach der Doppelbefruchtung findet man einen grossen, kugeligen, 
primaren Endospermkern mit zwei verschiedea grossen Nukleolen im 
Zentrum odcr etwas naher beim Antipodalende des vergrosserten 
Embryosackes. Die erste Tcilungsspindel des Endospermkerns orientiert 
sich in der Langsachse des Embryosackes (Textfig. IV, 1). Zwischen 
den durch diese Teilung entstandenen beiden Toebterkernen tritt keine 
feste Zellwand, sondem nur eine Hautschicht auf. Dies ist auch der 
Fall bei Ottelia, Hypericum (Palm, 1915, 1922) und Apanogetmt 
(Afzelius, 1920). Textfig. IV, 2 zeigt die so abgegrenzten zwei 
Kammern des Endosperms; der obere mikropylare Teil ist plasmaami 
und hat im innern einen grossen kugeligen Kern mit drei Nukleolen. Der 
unterc antipodale Teil hat dagegen eine ^QT-formige dichtere Plasma- 
masse mit zwei Vacuolen und einem Kern. Da die untere Kammer 
auf dem Antipodalende liegt, scheint es, als ob sie von den Antipoden 
abstammte. Die aufeinanderfolgenden Stadien dcr P2ntwicklung dieser 
Kammer sind in Textfig. IV, 10, 11 abgebildet. 

Die fruhen Kernteilungen in diesen zwei Kammern finden sich 
meistens gleichzeitig (Textfig. IV, 3, 4), aber auch manchmal etwas 
friiher in der oberen Kammer als In der unteren. Durch die wieder- 
holten Mitosen entstehen schliesslich viele freic Kerne in den beiden 
Kammern. Diese Kerne verteilen .sich gleichmassig im plasmatischen 
Wandbelag (Textfig. IV, 6). . Die. Teilungen in diesem Wandbelag 

O SERLiRiii Mitteilung: „ Beltrpg xur Entwicklungsgeschichte von ToJUtdia colyculaia 
(L) WahlknBB. *< (Hot. Notlser 1024) war mif \6\der bAaugJUiglich and kann nicht hier 
aingehend ailiert warden. 




a 









EMBKYOLOGISCKE STUDIEN AN llELONIOPStS UKEVISCAPA 


101 


stch aber bd wdterer Entwickhing mehr uod tnehf. Vor der Zell- 
wandlHldung im Endaijlkerm kotnmt selten Kernverschmeizung an der 
antipodalen Kammer vor. Tcxt%. V, 2 zetgt violleicht einen solchen 

• 2 



ISodoipcitn (x760). 


Kern im Teilungsstadlum. Dort sieht man elwa 102 Chromosomen. 
Wie Tcxtfig. IV, 6 zeigt, wird die Zellwandbildung etwas friiherlnder 
oberen Kammer ausgefuhrt als in der unteren. Dieser Vorgang schreitet 
auch von oben nach unten vor. .Wenn man die. mit 10 96 Kalilaugc 
bchandelten jungen Samen unter das Mikroskop bringt, sieht man klar, 
dass die mikropylarc Kammer mit gelber Masse gefullt, die unterc 
dagegen ganz durchsichtig ist. ‘ Diese Tatsache erweist, dass die obere 
Kammer schon Zellwande gebildet hat, jedoch die untcre nicht. Dieser 
Kntwicklungsmodus des Enck^pertns geht aber manchmal in entge- 
gengesetzter Richtung vor. d.i. die Zellwandbildung findet vorerst 
manchmal in der unteren Kammer start (Textfig. IV, 8 ). 

Der durch die Wandbildung entstehende Zellkomplex ist zuerst 
einschichtig in den bciden Kamn» 2 rn und wird erst spater mchrschichtig 
(Textfig. IV, 7). Textfig. IV, 9 zeigt ein beinahe fertiges Stadium 
der Endospermentwicklung. Im fertigen Endosperm lisst sich die 
Grenze zwischen den beiden Kammern nur sehr schwer feststellen. 
Manchmal scheint das Endosperm, wie Textfig. IV, 9 zeigt, als 
einheitliche Plasmamasse. Aber bei n^erer Bebbachtung kann man 
eine winzige Einschnurung im unteren Teile des Endosperms finden. 
Sie bedeutet die Grenze zwischen den beiden, oberen und unteren, 
Abschnitten des Endosperms. 

« Unter den von mir mtenuchten M FWIen tube Mi it »oMie FtUe'gefii^en. 
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Die 'Verschiedehhdt der Endosperriibildung der Aiig!6s{)eri»en hat 
schcin die Aofmd'ksainkeit vieler Forschier auf «ch ge'zogen. Dabei 
taiicht zunSchst imm^ die Fiage auf. welche von den Endo^rnttHl” 
dungen phylogenetisch die ursprunglichcre sei. 

Samuelssok (1913) hat in seinem Bkomes-^NcrVe beschrieben, dass 
das zellulare Endosperm phylogenetisch junger sei, als das nukleare. 
Im letzten Jahre ist Dahloken, Untersuchung uber die 

Endospermbildung b^i-l^oiopositm' auch auf diese ' Frage cingegangen 
und meint folgendtt': ^ >>11^ bio- i^^t uberzeugt, i^ss der nukleare 
Typus der ^teste'isti Das tititio zellulare Epdospenn muss folglich 
an verschiedeneh StcHen. 4m System selbstam^ entstanden sein.“ 
Jedoch hat Schnarp (1925) in seiner kritischen Untersuchung uber den 
Helobiae-Typus cine entgqgengesetzte Ansicht dargelegt> nach der das 
heloUale Endosperm aus dem zellularen entstanden sei, indem die Wand- 
bildun^; bis auf die Bildung der Querwand (bzw. Ilautschicht) zwischen 
den zuerst eiitstehcnden zwei Endospermkemen unterdruckt wurde, 
und die weitere Auswirkung dieser Tedenz zum nuklearen Typus fiihrt. 

Es ist eine interessante Tatsache, da» diese verschiedenen Typcn 
oft in derselben Reihe oder Familie nebeneinander vorkommen. - Saxi' 


fr^aceen (Gaumann, 1919) sind .unter anderen besonders in diesef 
Hinsicht ausgezeichnet. 

Bei den Monokotyledonen kennen wir aber bis jetzt .keinen sicheren 
Fall der. zellularen Endospermbildung,'^ und zwar haben die hoher 
entwickelten Familien - dieser Abteilung meistens das; nukleare Endo¬ 
sperm, wie die folgende Tabelle zeigt: 

Monokotyledonenrelher) Typti^ dr*. EodoopernuiV 


/I. Helobiac (H, N) 

^ 2. Uliiflorae fH, N) 

liv I^htidblastac (H)' 

'[(4. Cyperales (H) 

i\\>6. Glumi6orae (N) 

\\\6. Scitaniineae (N) 

\ >7. 'Gynasidrae Endosperm fchlt 

>4 9.SpadidftOrae (H, N) 

y 9'. ]fandanales' (N) 


0 IM.: BgAfeupioM^ cine ■ia'Ahn derMotaokotyladoiiaa rngteoanmene DikotyMon-lMbe, 
«eid«a awter dem Hdebiee- and ooUeann Tyiavdie Mlnlarai EndotpenM g«aeh«. 
*> nykcHNtiidier Hm noeh R. WnwBiN. 


i>> N nuldeairea En do «t>ertin. 
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Diese Tatsache durfte uns unge2wung«:n zu dem Schluss leiten, 
dass das zellulare Endosperm ursprunglicher als die beiden anderen 
sei, da die Monokotyledonen, wie heute. allgemeijn angenommen wird, 
aus den Dikotjdedonen herstammen solieft. 

Bei den IjUaceen finden /wir den nuklearen Typus weit verbreitet. 
Bis vor kurzem batten wir nur einzige Bei^tel ^er helobialen Endo- 
spermbildui^ gekannt. Das ist Tofieldia, wid mein diesmalige Unter- 
sUbhungsobjekt HellMiopsis bietet das zweitc Beispiel davon dar. Es 
mag merkwurdig sein, dass diese zwei ' Gattiingen' der primitivsten 
G^nterifamilie von Liliaceen, Metanthicndeen angehoren. Das Vorkomme'n 
yon Helobiae-Typus-Endospermbildung bei Melanthioldeen durfte nicht 
nur eine Unterstiitzut^ der Annahme sein, dass das helobiale Endosperm 
ursprunglicher ist als das nuklearc, sondem auch der Ansicht Sciinakks, 
dass das helobiale Endosperm ein unterdriicktes zeliulares Endosperm 
ist. 

6. Zusammenfassung. 

1) Viele Anomalien der Embryosackentwicklung sind schon boi 
den laliaceen gefunden wurden. Die Embryosackentwicklung bei Ht- 
lomopsis geht aber ganz normal vor sich; die sng. Doppelbefruchtung 
kommt auch bei dieser Pfianze vor. 

2) Die haploide Chromosomenzahl von Helomopsis hrevtscapa, 
bestimmt be! der Heterokynese der Embryosackmutterzelle, betr%t 
17. Bei den Mito%n der Endospermbildung treten 61, also triploide 
Chromosomen auf. 

3) Die Embryoentwicklui^ sebreitet in den friiheren Stadien sehr 
regelmassig vor. Dies ist eine Austiahme von den Uliac^n, weil die 
meisten Mitglieder dieser Familie nach dera sog. lilium-Typus ihre 
Embiyoentwicklung ausfuhren. 

4) Die Endospermbildung bd Helotmpsis breviscapa ist vom scg. 
Helobiae-Typus; nach der ersten Teilung des primaren Endospermkems 
wird der Embryosack in zwei ungleiche Kammern geteilt. Zwischen 
ihnen bleibt aber eine echte Zellulosewandbildung aus. Die Vlelzell- 
btldung >kommt spater gleich bei diesen zwei Kammern vor. 

6) Unter den drei Typen der Endospermlnldung scheint der zellulare 
der ursprOnglichste zu sein, und der nukleare durfte erst sp^r aus 
dem zellularen oder dem helobiaten entspringen. 
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Effect of Heat on Phototaxis in Allolohophora foetida 
(SavO Analysis Based upon the Antagonistic 

Relation between the Functionings of the Brain 
and of the Ventral Nerve Cord* 

iw 

Ekitaro Nomura and Shinryo Ohfuchi. 

Die Warmc,** states Strasburger (1878), “ ubt meist cinen 
Kinfluss auf die photometrische Stiminung der Schwarmer. Durch 
steigende Tcmperatiir werden sle im Allgemeinen lichtholder, durch 
sinkende lichtscheuer gemacht.*’ Since then the reversibility of the 
ordinary behavior of organisms by means* of heat or temjxiratiire has 
been investigated by a number of students. 

1891 Massakt Mast, 1907) found that phototaxis in C7iro- 
iniilinat a flagellate, was |X)sitivc at 20®C. and negative at 6®C. 

1893 I^EB observed that positive phototaxis in Polygordius larvae 
was changed to negative by a change in temperature from 24® to 
29®C., and that negative phototaxis in marine copepods was changed 
to positive by a decrease, and positive phototaxis to negative by an 
increase of temperature. 

1906 Houses observed that raising the temperature tended to 
accentuate positive phototaxis in Ranatra fusca and lowering it tended 
to produce the negative reaction. “ Definite proof,” write Crozier and 
Federighi (1924a), however, '‘is obtained that in the phototropic 
orientation of Ramtra the relative jx)stures of the appendages, resulting 
in a bilateral difference of effective stroke in swimming, is the mecha¬ 
nism of orientation; the frequency of locomotor movements is the 
same on the two sides of the body.” 

1907 Mast found that change in temperature did not induce 
reversal of phototaxis in Vo/vox globator. ** It seems strange,** writes 
Mast, “^that organisms so nearly alike as ChronmUna^ Volvox and 
swarm-sporcs should be affected so diflkrently by change in temper¬ 
ature,” * 

1916 Allen found in Planaria dorotocephala that the reversal of 
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tiieotaxis from positive to negative could be induced by sudden changes 
in temperature. 

1918 Kanda studieid gcotaxis in Paramecium caudatum and found 
that the 30<cal)ed reversibility of negative gcotaxis by means of changing 
temperature was extrenwiy doubtful. 

1919 Kanoa succeeded in producing a reversal of the positive 
phototaxis in Arenicola larvae by means of raising and lowering the 
temperature of sea-water. According to him, high (31*C.) and low 
(11*C.) temperatures showed the same reversing effect from positive to 
negative phototaxis. 

1994 CroziEk and FEDERtOiit ctmcluded, in the study of Umax 
itiaximus, that the expressim of the phototropic orienting tendency, 
with illumination constant, was greatly influenced by the temperature. 

1925 Hess studied phototaxis in Lumbrkus terrestris. *' Excessive 
stimulation, by other means than light,” states Hess, *' may slightly 
increase the percentage of positive reactions of earthworms to a given 
illumination.” 

The object of the present investigation was to ascertain what kind 
of phototaxis Allotobopkora foetida (Sasaki, 1924) would show when 
it was exposed to comparatively high temperatures, and to note the 
differential influence of heat on the brain and the ventral nerve cord 
of this species. 

For the purpose of investigation two sets of experiments were 
carried on, one during the middle part of August and the other during 
the latter part of December, in a dark room of our laboratory. 

In the experiments, many little Petri dishe.s, a copper box, an 
electric lamp of 600 watts, and a bottle containing a 1 per cent, 
aqueous solution of methylene blue were prepared. The PEtri dishes, 
as well as the covers, were painted Mack with enamel paint. The 
tx^ of the copper box was made horizontol, 40 cm. by 30 cm., having 
in two qS the corners, an opening, one for a thermometer and the 
other for the escape of Vapor. The box was fitled with water and 
heated from below. The electric lamp was used as a light source and 
was put at a efistanoe of two meters and at an elevation angle of 25* 
fiom the mhi^ of the top of the copper box. 

On one side of the top of the copper box, near its margin, the 
Petri dishes and the bottle of metii 3 dene blue were arranged, the 
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other wider side being left for the purpose of spreading a veil moistened 
paper thei^. The water in the copper box was regulated to keep a 
constant teoiperature of so that it might be presumed that the 

temperature of the air in the Petri dishes, of the solution in the bottle 
and of the paper containing water was 33"C. 

Each wonn was washed in drinking water and then was put into 
a Petri dish for the purpose of exposing it to the Iieat. The dish 
was covered very quickly to prevent the dispersion of the heat. The 
worm was kept in the Petri *dish for a deikiite duration and then, 
after the solution of methylene blue was applied, was placed on the 
moistened paper for describing its own track, its body being straightened 
at right angles to the light rays coming from the electric lamp. 

Tlie definitions of positive and negative phototaxis, of positive and 
negative orientation, of the averse, positive, and negative occupied 
angie^ of the average, positively, and negatively moved angle, as well 
as of the given angle, were made according to Nomi ka (1926). In 
the present investigation the magnitude of the given angle was invari¬ 
ably 90*. Let the total number of individuals which were tested be 
/, the number of individuals which showed jx^sitive orientation or 
occupied angles smaller than 90* be and the number of individuals 
which showed negative orientation or occupied angles larger than 90* 
be ti. Then 

Average ^ ^ occ upied b y / indivi duals 

occupied angle "* / 

Positive The sum o f th<^ngl« o ccupied by / indi viduals -p 1)0"^ 
occupied angle** / 

Negative Th e sum of the ang les occup ie d by / / indivi duals + 

Oi:cupied angle*" / 

Average __ Positive 4.§n<>«, N^alive 
occupied angle occupied anglc"^ "‘occupied angle. 

The direction or the orientation of the crawl was determined at 
two pcRnts of the track: ofie at the point of the track intersected by 
the circumference of a circle of 6 cm. radius (Fig. 1, A) and the other 
at the point of the track intersected by the circumference of a circle 
of 10 cm. radius (Fig. 1, B) the common center being located at the 
point of origin of the crawl (Fig. 1, 0). The ftwiner angle is called 
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foi; popycnience the 5 cm* mgk and the latter the 10 cm. angle. When 
the worm crawled forward the point of origin of the crawl was located 
at the anterior end and when it crawled backward at the posterior 
end of the body. 


Fi(i. 1. 



Fig. 1. A track of a foiward crawling individual, nnking tlie 6 cm. occupied angle 
98^ and the 10 cm. ocaipictl angle 84'*. The direction of light rays is 
denoted by the vertical lines, i} of natural size. 


When the worms were exposed to the heat (? 33*C.) for a longer 
duration, they showed wriggling or squirming movements on the paper 
and sometimes orientations by “trial and error'' (Jennings, 1906), 
elongating or swinging the anterior or the |x>sterior end of the body 
(Fig. 1). When the worms were exposed to the heat for a duration 
longer than 46 minutes, most of them could not crawl for a requisite 
distance. “ A rise in temperature of 10 degrees (i. e., 18‘*-28*C.) above 
that in which Allolobophora foetida lives," writes Smith (1902), “does 
not cause the retreat of the worms. A rise from 29® to 3 « 6 ® causes 
retreat, and violent squirming if the animal is retained in this tem- 
jKjrature, while a rise from 36® to 40® is fatal, although such a 
temperature rarely causes progressive crawling." 

The arrangement of subjects is as follows : 

Summer Experiment. 

The movements of unoperated worms. 

• The movements uf operated worms. 

llie changes of negativity in the brain. 

Winter Experiments. 

The movements of unoperated Wiirms. 

The movements of operated worms. 

Hie changes of negativity in the brain. 

.Summary and Conclusions. 
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Summer Experiments* 

The temperature in the tlark room was 20.5“C. and the worms 
were kept in this room for at least one hour previous to trial to become 
adapted to the temjxjrature. 

Two kinds of exj^eriments were carried on, one to test the move¬ 
ments of the worms from which the anterior 4-6 segments were 
removed, and the other t) test the movements of the worms which 
were not o^x^rated upon. 

I'HE MOVEMENTS OF UN01»ERATE1) WORMS. 

The tests in which worms were exposed individually to the heat 
(? for a duration of 0, 1, 5, 10, 15, 20, 26, 30, 35, or 40 minutes 

were carried on and for each test 60 worms were used. 

The orienting movements of the worms (that is directly the photo¬ 
tactic movements in the present case) are shown in Tables 1 and 2. 


Table 1. 


I )uration 
ot 


5 cm. ant^les 


10 cm. angle; 

i 

exposure 

0“-80* 


1 100M8(y 

0®-80° 

1 1 

100M80‘» 

0 min. 

n 

7 

40 

2 

5 

43 

1 min. 

12 - 

8 

! so 

10 

5 

35 

5 min. 

20 

8 

1 22 

i ^2 

1 10 

28 

10 min. { 

1 20 

12 

18 

1 16 

14 

20 

15 min. | 

1 21 

14 1 

1 

1 

14 

17 

20 min. 

24 

15 

11 

26 

10 i 

14 

25 min. 

! 20 

1 17 1 

i \s 

19 

15 1 

16 

SO min. 

! 18 

20 ! 

12 

20 

: 11 i 

19 

as min. 

1 15 

14 

21 1 

17 

1 9 

24 

40 min. 

1 16 

12 i 

22 1 

12 

1 16 ‘ 

22 


In Table 1 the frequency distribution of the worms is given in 
absolute numbers in the angular sections 0®-80®, 8r--99® and 100®-1S0®. 
In this table it may be thought in general that the number of positively 
orienting individuals is given in the section 0®-80“, the number of 
negatively orienting individuals in the section 100®-! 80®, and the number 
of indistinctly or indifferently orienting individuals in the section 81“-91®. 
The following facts may be seen in the table: 

1. In both the 5 cm. and the 10 cm, angles, the increase of the 
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duration of exposure from 0 to 20 minutes causes the decrease of the 
number of negatively orienting and the incrcc-ise of the number of 
positively orienting individuals, while the increase of the duration above 
20 minutes tends to cause the increase of the number of ne^tivefy 
orienting and the decrease of the number of positively orienting 
individuals. 

2, In both the 6 cm. and the 10 cm. angles, at the durations of 
exposure of 0, 1, 6, and 10 or 16 minutes the number of negatively 
orienting individuals is greater than the number of positively orienting 
individuals, at the durations of exposure of 10 or 16, 20, 26, and 30 
minutes it becomes smaller, and at the durations of exposure of 36 
and 40 minutes it becomes greater again. 

In Table 2 the changes in the magnitude of the occupied angles 
are shown and from this table Fig. 2 was plotted in order to see 
easily the state of the changes. The following facts may be seen in 
Fig. 2: 

1. In both the 5 cm. and the 10 cm. angles, at the durations of 
exixjsure of 0, I, 6, and 10 or 16 minutes the magnitude of the 
negatively moved angle is larger than the magnitude of the positively 
moved angle, at the durations of 16, 20, 26, and 30 minutes it becomes 
smaller and at the durations of 35 and 40 minutes it becomes larger 
again, consequently the average moved angle shows negativity at a 
duration of exposure from 0 to 10 or 16 minutes, positivity at a 
duration from 15 to 30 minutes and again negativity at a duration 
longer than 30 minutes. 

2. The magnitude of the negatively moved angle decreases retarda- 
tively according to the prolongation of the duratiem of exposure from 
0 to 10 minutes, while it shows no notable alterations at durations 
from 10 to SO minutes, though ifinally it increases for prolongations 
above SO minutes. 

Su The magnitude of the positively moved angle tends to increase 
acceleratively according to the prolongation of the duration of exposure 
from 0 to 20 minutes, while it decreases somewhat retaidatively for 
prolongatioiis above 20 tf^utes. 

4. In consequence, in relation to the prolongatioii of the duration 
of exposure to the heat, the average moved angle shows at iWst a 
retardfttive weakening of negativity which alters to a strengthening 
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Fig. 2. 



Olfi 10 IS. 30 2fi 30 36 40 


Mimitei 

Kig. 8* The given nni^e 90^ vr the moved angle (f is denoted by the horbootnl 
Wne and the moved angles upward from this line show the positively 

and those downward the negatively moved angles. The tracings of the 
average angles are denoted by the thicker lines, and those of the positive 
and negative t^les by the thinner lines. The tracing of the 5 cm. angles 
are denoted by the broken lines and those of the 10 angles by the full 
Unea. 
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positivity, and then an accelerative weakening of the jx)sitivity which 
alters to a strengthening negativity* 

From Tables I and 2 we may conclude that when the worms are 
exposed to the heat (?33®C.) and when they arc not operated upon, 
their orientation alters from negative to jx>sitive according to the 
prolongation of the duration of exposure from 0 to about 20 minutes, 
but when the duration prolongs beyond this the oriientation begins to 
alter from positive to negative, 

THE MOVEMENTS OF OPERATED WORMS. 

Five tests were carried on jit durations of exposure of 10, 20, 
30, and 40 minutes, and in each test 25 worms were used. The 
removal of the anterior 4-6 segments was made after exposing the 
worm to the heat (?33‘*C.) for a definite duration. 

The absolute numbers of forward and backward crawling individuals 
are given in Table 3. In the tabic it may be seen that the number 
of forward crawling individuals tends to decrease with the prolongation 
of the duration of exposure, while that of backward crawling individuals 
tends to increase. 


Taiile 3. 




5 cm. angles j 

10 cm. angles 

Duration , 

of 

Forward 

Backward j 



ex[)o$ure j 


After 

1 Alter 1 

Forward 

Backward 


Directly 

posterior 

Directly j anterior 


* 



elongation 

1 elongation 



0 min. 

n 

4 i 

i 9 i 1 

16 

9 

10 min. 

12 

2 1 

1 11 1 0 

16 

9 

20 min. 

11 

8 

! 10 : 1 

15 

10 

SO min. 

i* i 

2 

12 ! 0 

IS 

12 

40 min. 

8 

1 

15 1 1 

9 

16 


The absolute numbers of ixisitively, indifferently, and negatively 
phototactic individuals are given together in Table 4. In this table 
the forward crawling individuals which made the occupied angles from 
0 * to 80*, as well as the backward crawling, individuals which made 
the occupied angles from 180* to 100% are taken as the positively 
phototactic individuals; the forward crawling individuals wWch made 
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the occupied angles from 100® to 180®, as well as the backward 
crawling individuals which made the occupied angles from 80" to 0® 
as the negatively phototactic individuals; and the remaining, forward 
or backward crawling individuals as the indifferently phototactic individ¬ 
uals. The following facts may be seen in the table : 


Table 4. 




Positive Phototaxis 

Indifferent l^n^totaxis 

Negative Phototaxis 


IXuratioi 

of 

exposon 

Forward 

IS oo 
f M* 

r 

^ So 

Sum 

Forward 

Is 

■ 5 .' 

SSo 

^ 0 ® 

Sum 

% 

’t»7 

Backw'ard 

crawling 

80®-0® 

Sum 


S min. 


11 

o 

4d 

18 


2 


4 

6 

2 

4 1 

6 

o 

10 min. 1 


10 

6 

15 


1 


3 

4 

8 i 

8 

6 

bA 

20 min. 


10 

6 

16 


1 


0 

8 

.3 

4 1 

7 


30 min. 


10 

0 

16 


0 


.3 

3 

3 

3 

6 

g 

40 min. 


4 

11 

15 


1 


3 

4 

4 

2 

6 


Average 




14.8 





4.0 



6.2 


0 min. 


12 

2 

14 


0 


2 

2 

4 

5 

\) 

£ 

10 min. 


10 

3 

13 


2 


0 

2 

4 

0 

30 

1 

20 min. 


10 

3 

18 


2 


1 

8 

.3 

6 

9 

SO min. 


10 

6 

16 


0 


1 

1 

8 

5 

8 

g 

40 min. 


5 

11 

16 


0 


8 

8 

4 

2 

6 

o 














l-H 

Average 




14.4 



__ 


2.2 



8.4 


1 . The number of positively, as well as of negatively, phototactic 
individuals shows no notable alterations at any duration of exposure, 
and the number of positively phototactic individuals is invariably greater 
than that of negatively phototactic individuals. 

2. The number of individuals which crawled forward toward the 
light (positively phototactic and positively orienting) tends to decreast.' 
with the prolongation of the duration of c.xposure, while the nvimber 
of individuals which crawled backward toward the light (positively 
phototactic, but negatively orienting) tends to increase. 

From Tables 3 and 4 we may conclude that when the worms are 
exposed to the heat and when they arc operated upon, the number 
of forward crawling individuals, as well as of {)ositively phototactic 
individuals which crawled forward, tends to decrease with the pro¬ 
longation pf> duration of exposure, while the number of backward 





114 


£« NOMURA AND S. OHFUCiSI 


crawling individuals» as w^ell as of posttiveiy phototactic individuals 
which crawled backward, tends to increase; consequently, the number 
of positively phototactic individuals invariably surpasses the number of 
negatively phototactic individuals at any duration of exposure. 

The orienting movements of the worms which were operated upon 
are shown in Tables 5 and 6. 


Tawle 5. 


Duration 

5 cm. angles 

1 


10 cm. angles 


Of 

exposure 

<r-8o® 

81*-99* 

100“-^! 80* 

CF-W 

8r*-99® 1 

100*-18(J° 

0 mfn. 

16 

6 

4 

17 

2 

0 

10 min. 

16 

4 

6 

16 

2 

t 

20 min. 

16 

S 

7 

14 

2 

9 

SO min. ; 

IS 

3 

9 

15 

1 

9 

40 rain. 

6 

6 

14 

8 

8 

14 , 


In Table 6 the frequency distribution of the worms is shown in 
absolute numbers. The following facts may be seen in the table: 

1. In both the 5 cm. and the 10 cm. angles, the number of 
positively orienting individuals (section 0*-80®) tends to decrease with 
the prolongation of the duration of exposure, while the number of 
negatively orienting individuals (section lOO'*-! 80“) tends to increase. 

2. In both the 6 cm. and the 10 cm. angles, at durations of 
exposure from 0 to 30 minutes, the number of positively orienting 
individuals is greater than the number of negatively orienting individuals, 
but at an exposure of 40 minutes the reverse is the case. 

In Table 6 the changes in the magnitude of the occupied angles 
are shown and from this table Fig, 3 was plotted in order to sec 
ea^ly the state of the changes. The following facts may be seen in 
the figure: 

1, In both the 5 cm. and the 10 cm. angles, at the durations of 
exposure of 0, 10, 20, and 30 minutes the magnitude of the positively 
moved angle is larger than that of the corresponding negatively moved 
angle^ consequently the average moved angle shows the positivity of 
the worms which were operated upon; but at the exposure of 40 
minutes the magnitude of the positively moved angle becomes smaller 
than that of the correspondiag negatively moved angle^ consequemly 
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the average moved angle shows the negativity of even the worms 
which were operated upon. 


Table 0. 


Duration 

of 

txpciaiire 

5 cm. angles in degrees 

I 

10 cm. 

angles in degrees 

Positive 

Average 

Negative 

Pewitive 

Average 

Negative 

0 min. 

57.S4 

54.40 

95.56 

47.84 

60.40 

102.66 

10 min* 

59.22 

67.80 

99.08 

52.04 

64.84 

102.80 

20 min. 

63.84 

78.20 

100.S6 

61.44 

1 69.76 

108..22 

so min. 

64.68 

80.80 

106.12 

55.82 

76.62 

111.20 

40 min. 

81.03 

102.16 

; 111.14 

75.60 

; 102.86 

116.70 


Fk;. 3. 



5(F 

40’ 

S0° 

20 ® 

10 * 


0 *’ 


KT 

2(f 

S(f 


t 

I 

■? 

o 

S 


Fig. 8. llie plpt fft made in the same way as in Fig. 2. 


2. In both the 6 cm. and the 10 cm. angles, the magnitude of 
the negadvdy moved angle or the negativity of the worms increases 
acoderatively with the prolongadoit of the duration of exposure, while 
the magnitude of the positively moved angle or the positivity of the 
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worms decreases acceleratively. In consequence, the average moved 
angle shows that pasitive orientation in the operated worms becomes 
weakened in relation to the prolongation of the duration of exposure, 
till finally it clianges to negative orientation at durations of exposure 
longer than about 36 minutes. 

From Tables 6 and 6 we may conclude that when the worms are 
exposed to the heat (?33°C.) and when ^ they arc operated uix)n, 
their degree of positive orientation beconies weaken; according to the 
prolongation of the duration of exposure, and, in turn, the degree of 
negative orientation becomes stronger. Then it follows that the higher 
temperature causes an inhibition in the ventral nerve cord of the 
positively orienting functioning which is stronger than the inhibition of 
the negatively orienting functioning, consequently the degree of negative 
orientation in the ventral nerve cord becomes strengthened in relation 
to the prolongation of the duration of exposure, while the degree of 
jxisitive orientiition becomes weakened. 

THE CHANCJES OF NEGATIVITY IN THE BRAIN. 

According to Nomuka (U126) the photic orientation of Allolobophora 
foetida is determined by the antagonism between the functionings of 
the brain and of the ventral nerve cord. 

Now let the degree of photic orientation of the worms be Ay the 
degree of negative orientation which is exhibited by the functioning of 
the brain be and the degree of jxisitive orientation which is ex¬ 
hibited by the functioning of the ventral nerve cord be P. Then from 
the antagonistic relation we find the equation 

A^P^W^Ny 

in which 90® is the magnitude of the given angle in the present 
experiments. 

The values of A arc directly the magnitude^ of the average occupied 
angles made by the worms which were not operated upon, and the 
values of P may bo assumed in probable approximation to be the 
magiiitUdes of the average occupied angles made by the worms which 
were operated u{)on. Then from the data given for the curated .and 
the unoperated worms, we may calculate the probable values of N* 
dh Table 1 the values of Py .4 and N are given tc^etber, and from 
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Table 7. 


DuratifUi 

of 

expasure 

5 cm. 

angles in degrees 

10 cm. 

angles in degrees 

P 

A 

N 

P 

A 

.V 

0 min. 

64.40 

131.54 

157.14 

60.40 

141.00 

170.60 

10 min. 

67.80 

90.72 

118.42 

64.84 

92.76 

117.92 

20 mill. 

78.20 

77.38 

94.18 

69.76 

81.70 1 

101.94 

SO min. 

80.80 

85.72 

94.92 

76.62 

86.82 ! 

! 99.80 

40 min. 

102.16 

97.66 

85.50 

102..86 

106.00 1 

{ 03.64 


Fic;. 4. 



3 

■So 

o 

s 


Minutes 

Fig. 4. The tracings of the 5 cm. angles are denoted by the broken lines and those 
of the 10cn\. angles by the full lines. 

this table Fig. 4 was plotted in order to sec easily the state of the 
changes. It may be seen in the figure that when the worms are 
exposed to the heat (? 23®C.) the degree of negative orientation which 
is exhibited by the brain becomes weaker retardatively with the 
prolongation of the duration of exposure, till finally its degree is 0 at 
the exposure of about 40 minutes. 
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It IS notable that* following the prolongation of the duration of 
exposure from about 20 to 40 or more minutes, the degre e of negative 
orientation in the unoperated worms beconnies stronger, because the 
d^ree of negative orientation becomes stronger in the ventral nerve 
cord, notwithstanding the degree of negative orientation becoming 
weaker in the brain. 


Winter Expe rim ci rt s, 

The temperature in the dark room was 7.8®~9.4®C. and the worms 
were kept in this room for at least one hour previous to trial to become 
adapted to the temperature. 

THE MOVEMENTS OP UNOPEkATEf) WORMS. 

Five tests were carried on and at each test 60 worms were used 
after being exposed individually to tlic heat (? 33X.) for a duration of 
0, 10, 20, 30, or 40 minutes. 

The orienting movements of the worms are shown in Tables 8 and 9. 

In Table 8 the frequency distribution of the worms is shown in 
absolute numbers in the angular sections 0®-80*, 81®-99*, and 100®-180®. 
The following facts may be seen in the table: 


Tahle 8 . 


Puratian 

of 

exposure 

5 cm. angles 

10cm. angle* 

0’-8(y 

SV’-W 

100M8(P 

0®-80® 

81®-9fi* 

100*-180* 

0 min. 


8 

80 

12 

7 

81 

10 min. 

IS 

9 

28 

18 

8 

29 

20 min. 

18 

12 

25 

14 

8 

28 

30 min. 

14 

14 

22 

22 

5 

23 

40 mitt. 1 

24 

6 

20 

25 j 

5 

20 


1. In both the 6cm. and the lOcm. angles, the increase of die 
number of mitiutes causes the incredise of the number of positively 
orienting individuals and the decrease of the number of negarively 

individuais. 

2. In both die 6cm. and the 10cm. aogks, at a shorter duration 
of exposure the number of negatively orienting indMduaU ts greater 
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than that of positively orienting ones, but at an exposure of 40 minutes 
the reverse is the case. 


Table 9. 


Duration 

of 

5cm. annilcs in degrees 

10 cm. 

angles in degrees 

exposure 

Positive 

Average 

Negative 

Positive 

Average 

Negative 

0 min. 

85.68 

07.66 

104.08 

80.84 

108.82 

117.98 

10 min. j 

80.6S 

V8.S8 

1«7.76 

80.76 

107.68 

116.9S 

20 min. j 

81.52 

100.02 

109.60 

80.40 

106.96 

116.66 

SO min. 

! 77.68 I 

97.96 

110.58 

1 68.»S0 

90.92 

112.42 

40 min. 

1 

1 72.08 

80.14 1 

1 106.16 

1 66.16 

86.80 

110.64 


KiG. 6. 



Fig. 5* The plot is made in the same way as in Fig. 2. 


In Table 9 the changes in the magnitude of the occupied angles 
are shown and itom this taUe Fig. 5 was plotted. The following facts 
may be seen in the figure: 

1. Save the native 6 cm. angle, all the other occuf^ angles 
tend to decteasie the magnitude mth the increase of the number of 
minutes. 
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2, In both the 5 cm. and the 10 cm. angles, at a duration of 
exix)sure shorter than 20 minutes the n^atively moved angle is latter 
than the positively moved angle, but at a duration longer than 20 
minutes the nagetively moved angle tends to become equal to the 
positively moved angle. In consequence, tbe average moved angle 
shows an accelerative weakening of negativity with the prolongation of 
the duration of exposure. 

From Tables 8 and 9 we may conclude that when the worms are 
exposed to the heat (?33*C.) and when they are not o|)crated upon, 
their d^ree of negative orientation becomes weakened acceleratively 
according to the prolongation of the duration of exposure, while the 
degree of positive orientation becomes strengthened acceleratively. 

'i’lIE MOVEMENTS OF OPERATED WORMS. 

Five tests were carried on at durations of extx>sure of 0, 10, 20, 
30, and 40 minutes, and in each test 25 worms were used. The 
removal of the anterior 4-5 segments was made after ex|X)sing them 
individually to the heat (? 33®C.) for a definite duration. 


Table 10. 



‘ 

5 cm. angles 

j 

10 cm. 

angles 

Duration 

of 

Forward 

1 

Backward 

Eorwnrd 


exposure 


After 


After 

Backward 


Directly 

posterior 

Directly 

anterii^r 





elongation 


elongation 1 



0 min. 

24 

1 

0 

0 ’ 

25 

0 

10 min. 

1 

4 

4 

1 

22 1 

3 

20 min i 

! 18 

2 

5 

0 

22 

8 

30 min. 

20 

1 

4 

0 

22 

3 

40 min. 

20 

1 

2 1 

2 

22 

3 


The absolute numbers of forward and backward crawling individuals 
are given in Table 10. In the table it may be seen that when the 
worms are exposed to the heat the number of backward crawling in¬ 
dividuals increases; that the number of forward crawling individuals is 
greater than the number of backward crawling individuals; and that 
the ratio between the forward and the backward crawling individuals 
is nearly constant at any duration of exposure. 





KFFECT OF MEAT ON PHOTOTAXIS IN ALLOLOBOPHORA 


121 


Table 11. 



I 

Positive PhototaxLs 

Indifferent Phototaxis 

Negative Phototaxis 


Duratiol 

of 

exposur< 

O 

M’i? 

ISs 

Sum 

Forward 

crawling 

8r-99=* 

"H wo 
£? .S 

Isi 

Sum 

Hi 

'S W 
g b 

||s 

Sum 

JS 

0 min. 

24 

0 

24 

1 

0 

1 

0 

0 

0 


10 min. 

19 

1 

20 

1 

0 

1 

0 

4 

4 

§ 

20 min. 

18 

2 

20 

1 

0 

1 

1 

1 3 

! 4 

d 

30 min. 

16 

0 

16 

4 

o 

6 

1 

o 

3 

o 

kO 

40 min. 

18 

8 

21 

1 

0 

1 

2 

1 

3 

J8 

0 min. 

24 

0 

24 

0 

0 

0 

1 

0 

1 

f' 

10 min. 

21 

0 

21 

0 

0 

0 

1 

3 

4 


20 min. 

19 

0 

i 19 

1 

1 

2 

2 

2 

4 

§ 

SO min. 

20 

1 

21 

1 

0 

1 

1 

2 

3 

o 

40 min. 

18 

2 

20 

2 

0 

o 

2 

1 

3 


The absolute numbers of positively, indifferentl}', and negatively 
phototactic individuals are given together in Tabic 11 in the same 
way as Table 4. I am not able to find any regular changes in this 
table. 

The orienting movements of the worms which were operated upon 
are shown in Tables 12 and 13. 


Fable 12. 


Duration 

of 

exposure 

6 cm. angles 

10 cm. angle.*) 

O^-SO** 

b 

o' 

So 

_ 

100"-18(r 

0®-80" 

[ sr-M" 

100”-180° 

0 min. 

24 

1 

0 

24 

0 

1 

10 min. 

23 

1 

1 

24 ! 

0 

1 

20 min. 

21 

1 

3 ' 

21 

2 

2 

30 min. 

18 

6 

1 

22 

1 

o 

40 min. 

19 

1 

6 

19 

2 

4 


In Table 12 the frequ;;ncy distribution of the worms is shown in 
absolute numbers. The following facts may be seen in the table: 

1 . In both the 6 cm. and the 10 cm. angles, the number of 
positively orienting individuals (section O^-SO*) tends to decrease with 
the prolongation of the duration of exposure, while that of negatively 
orienting individuals (section 100®-180®) tends to increase. 

2. In both the 6 cm. and the 10 cm. angles, the number of 
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positively orienting individuals is greater than that of negatively ork 
ting individuals. 


DurMioQ 

of 

exposure 


Table 13. 


6 cm. angles in degrees 


10 cm. angles in degrees 


Positive Average Negative Positive 'Average Negative 


92.44 

91.00 

98.92 

92.64 

100.20 
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1. In both the 6 cm. and the 10 cm. angles, all the occupied 
<angles tend to increase in magnitude with the increase of the number 
of minutes. 

2. In both the 6 cm. and the 10 cm. angles, the positively moved 
angle is larger than the negatively moved angle at any duration of 
exposure. 

From Tables 12 and 13 we may conclude that when the worms 
are exposed to the heat (? 33*C.) and when they are operated U{x:>n, 
their degree of positive orientation becomes weaker according to the 
prolongation of the duration of exposure, and in turn the degree of 
negative orientation becomes stronger. 

THE c:han(;es of negativity in the brain. 

The magnitudes of the average occupied angle A which were made 
by the unoperated worms, the magnitudes of the average occupied 
angle uP which were made by the operated worms, and the calculated 
magnitudes of N which show the degree of negative orientation in the 
brain, are given together in Table 14, and from this table Fig. 7 was 
plotted in order to see easily the state of the changes. 

In Fig. 14 it may be seen that when the worms are cxix>sed to 
the heat (? 33*C.) the degree of negative orientation which is ex¬ 
hibited by the brain becomes weaker according to the prolongation of 
the duration of expo.sure. 


Taiu.e 14. 


Duratum 

nf 

6 cm. 

angle}) in degrees 

10 cm. angles in degrees 

, exponiK 

P 

-4 ! 

j\r 

P 

A 

N 

0 min. 

26.06 

' 97.66 1 

; 160.70 

24.36 

108.82 : 

174.46 

10 min. 

S5.36 

. 98.28 

152.92 

25.20 

107.68 ; 

172.48 

20 min. 

46.12 

: 100.92 

144.80 

87.40 

106.96 

159.56 

SO min. 

40.48 

97.06 i 

138.48 

31.96 

90.92 

148.96 

40 min. 

54.84 

! 89.14 

1 124.80 

42.60 

86.80 

134.20 
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Fio. 7: 



Fig. 7. The plot ia made in the .same way as in Fig. 4. 


Moved angles 
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Summary and Conclusions. 

In comparing Figs. 4 and 7 vve may infer that ix)sitive oricnUition 
is more pronounced in winter than in summer, and that heat (? SFC. 
influences phototaxis more strongly in worms from a higher temperature 
(that is 2y.5®C. in Augu.st) than in worms from a lower temperature 
(that is 7.8®-‘9.4°C. in December). 

In combining the results from the experiments in August and in 
December we may conclude in general as follows: 

1. In the ventral nerve cord, heat causes a weakening of the 
positively orienting functioning and, in turn, a strengthening of the 
negatively orienting functioning, and an inhibition of forward crawling. 

2. In the brain, heat causes a weakening of the negatively orienting 
functioning. 

Jl. In consequence, in worms heat causes several alterations of 
phototaxis as well as “ trial and error ** orientations, crawling backward 
or forward, by the antagonistic relations between the functionings of 
the brain and of the ventral nerve cord. 

January 20, 192G. 
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On the Fertilizin of the Oyster^ Ostrea ciraimpicta* 


By 

Arata Terao. 

(Imperial Fisheries Institute, Fukagawa, Tokyo.) 

Now that the fact of the specificity of egg secretion of several 
marine animals in agglutinating spermatozoa of the same and other 
species is fairly well established, the question naturally suggests itself 
whether or not this specificity can be expressed, at least in some forms, 
in terms of degree of concentration of egg secretion employed. In the 
following paragraphs is given a preliminary account of the influence 
of successively diluted solutions of egg secretion of the oyster, Ostrea 
circumpicta Pilsbry, upon sperm suspensions of the same, another 
mollusc, Area ocellata Reeve, and two echinodemis, Luidia quinaria 
V. Martens and Toxocidaris tnberciilattis (Lamk). 

It is my pleasant duty to return herewith my hearty thanks to 
Professor Hatai, Director of the Asamushi Marine Biological Station, 
for the priviledges kindly extended to me there. I also fully appreciate 
the benefit of discussion of the whole problem with Assistant Professor 
SincHiROKU Nomura, who has already made a valuable contribution 
in this field (1924), 


MATERIAL AND METHOD. 

A mixture of 0.55 cc. of eggs of the oyster and 9 cc. of sea-water 
w'as allowed to stand for 20 minutes at room temperature, centrifuged 
for 5 minutes^ and filtered. This filtrate was used as standard egg- 
water. Dilution was made successively as low as 1/10000000 of the 
standard. About 0.06 cc. of 196 sperm suspension of each species was 
placed on slides and to each was added by a capillary a small drop 
of egg-water of desired concentration. It is clearly confessed that a 
source of error exists in such a crude metod, if the degree of con¬ 
centration be of much concern in the experimentation^ but I think it 


* A tontribution from the Merine Biologicel Station, Asamushi, Aomori-Ken. 
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is admissible that the error is not so great as to make the successive 
dilutions quite meaningless. Thus I put on record the following results 
as a first approximation to a quantitative interrelation. 

ISO-AG(; r.UTINT ATION. 

An immediate activation and aggregation are followed by remarkable 
agglutination even with such a low concentration as 1/500000 of the 
standard; as shown in Tabic 1. The agglutination did not take place 
so promptly with 1/1000000 of the original. It took much more time 
for the occurrence of the phenomenon with I/IOOOOOOO of the same. 
Although the effect of more diluted egg-water was not tested, the last 
mentioned probably lies near the limit of effectiveness, as may be 
judged by other experiments. The agglutinated mass of sixirmatozoii, 
whose heads became a little swollen, formed a three-dimensioned 
pinwheel, without, however, reversely set spermatozoa in the marginal 
zone. The reversal of the phenomenon took place after a while. 

Table 1. 


Iso-agglutination of spermatozoa of the oyster. 


Concentration ot 
egg-water 

Activation 

Aggregation 

Agglutination 

1 

Immediate and 
intense 

Immediate and 
conspicuous 

Conspicuous and 
prompt 

1/lCO 

*% 

•• 

II 

1/1000 


»» 

II 

I/IOOOO 



11 

1/100000 

• 1 

»i 

II 

1/600000 

19 

(1 

«» 

1/1000000 

1/10000000 

1 

ll 

Immediate but not 

If 

Immediate but not 

Cotispicuoua but not 
prompt 

Inconspicuous and a 
little delayed 

intense 

conspicuous 


HETERO-AGGLUTINATION. 

Hetero-agglutination of spermatozoa of the bivalve mollusc, Area 
oceliata^ by egg-water of the oyster was quite the same as i^-agglu- 
tination of spermatozda of the oyster with a concentration as low as 
1/10000 of. the original The spermatozoa of Arca^ however, did 
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not give a typical agglutination i^eaction but was found ‘'clumping ” with 
1/100000 concentration of the standard egg-water, and such a low 
concentration as 1/500000 of the standard could not produce any 
reaction of the spermatozoa in question except activation. The results 
of the obvServations are summarized in Table 2. 

Taui.k 2 . 


Hetero-agglutination of spermatozoa of . Iren 
by egg-water of the oyster. 


cioncentration of 
ejjg-walcr 

Activation 

Aggregation 

Agglutination 

1 

l/lOO 

Tmmcfliatc and 

1 Imincfliatc and 

Cmspicuous and 

intense 

1 1 

i 1 

conspicuous 

! 

prompt 

1/1000 


»» 

1 

»» 

1/lOOCO 

1/100000 

1/600000 

" 

1 »» 

I Immediate but not 

1 intense 

Immediate l)Ut not 
conspicuous 

Nc» 

»» 

( Slumping 

No 


From Tables and 4 it will be seen tliat spermatozoa of the 
starfish, fMidia quinaria, and of the sea-urchin, Toxocidaris tnheculatnSt 
behaved similarly in response to the egg-water of the oyster. However, 
the minimum concentration of the fluid necessary for production of 

Table 3. 


Iletero-agglutination of spermatozoa of Luidia 
by egg-water of the oyster. 


(.'oncentration of 
egg-water 

Activation 

Aggregation 

Agglutination 

1 

1/100 

Immediiite but not 
intense 

tf 

Inconspicuous, not 
immediate 

If 

Inconspicuous, a 
little delayed 

tt 

1/1000 


>1 

tf 

.r.W10!000 


• f 

PP 

T/IOOOOQ 

1/500000 

»» 


■ f 

$P 

,. l/lQjOQO^Q • 



Slight and delayed 
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Table 4. 

Hetero-agglutination of spermatozoa of ToxocUiaris 
by e^-water of the oyster. 



Activation 

Aggregation 

Agglutination 

1 

Immediate but not 
intense 

Inconspicuous, not 
immediate 

Inconspicuous, a 
little delayed 

II 

1/100 

II 

11 

J/IOOO 

II 


II 

1/10000 

II 

•1 

II 

1/100000 

II 

•I 

1 

1 

1/500000 

If 

1. 

1 

II 

1/1000000 

II 

If 

II 

1/10000000 

II 

i» 

No agglutination 


agglutination was lower in the starfish than in the sea-urchin. The 
reactions were not so prompt. The heads of si)ermatozoa were greatly 
swollen and agglutinatedi resulting in mass coagulation which never 
reversed. It may be mentioned that the spcrmatozoii of the two 
echinoderms were often found, when put under the influence of the 
egg-water of the oyster, rotating in pairs round each other. Such 
pairs were, so to speak, like binary stars going round a common centre 
of gravity. 


DISCUSSION. 

From the fact that the egg-water of the oyster agglutinated sper¬ 
matozoa of the same species, as well as of Ana^ in the same manner 
except that a difference in the limit of its effectiveness exists, the 
specificity of the egg-water can be expressed in terms of degree of 
concentration. Thus the standard egg-water I employed may be said, 
according to Lillie's standardization, to contain more than 10000000 
units for iso-agglutination and about 100000 units for hetero-agglutination 
of spermatozoa of Area, But since hetero-agglutination of spermatozoa 
of the two echinoderms by ^he egg-water was of a quite difKrent 
character, the specificity of the water can no longer be given quanti¬ 
tatively. 

As far as we are aware, identity of hetero-agglutfaiation and iso- 
agglutination in quality was reported once by Sampson (1922) in 
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spermatozoa of Katherina. The other cases of hetero-agglutination put 
on record are utterly different from iso-aggIutination» being toxic in 
nature even with the sexual elements of closely associated species. 
Two explanations for such a difference may be given. First, we can 
assume two types of hetero-agglutination to account for it, one identical 
with iso-agglutination in essentials and exhibiting such specificity as is 
comparable to that of immune blood-scrum, and the other qualitatively 
different from iso-:agglutinatbn. Second, we can argue that even such 
an instance of hetero-agglutination as is apparently identical with 
iso-agglutination is really almost inconceivably different from the latter 
in essential characters and thus the specificity of the egg-water is 
somewhat comparable to that of luciferin-luciferase reaction of biolum¬ 
inescence. Although we are not yet in a position to decide between 
the two alternatives, the prcdominence of evident cases of toxic reaction 
in hetero-agglutination makes the second much more probable. 

Aggregation of spermatozoa as induced by egg-water has been said 
to occur where a grade of concentration of the latter exists. Truly it 
does. But I would like to point out another factor for the production 
of the phenomenon in question. The heads of spermatozoa when 
changed to be agglutinizable in response to egg-water cannot be without 
effect upon each other even before the final agglutination. 1 should 
think the viscosity of the surrounding medium is augmented at that 
time, with result that the spiral motion of the spermatozoa is slackened, 
and contributes something to aggregation. The binaries-like motion 
already referred to may be looked upon as a result of such mutual 
influence. The appearance of reversely set spennatozoa in the marginal 
zone in pinwheel agglutination of Katheritui, as reported by Sampson, 
seems to me also due to such disturbance in the fluid. Viewed from 
this point, the agglutination may be said to exist at increasing degrees 
in the series: aggregation, binary rotation, clumping, and pinwheel 
agglutination. 
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The influence of Oxygen Tension on the Rate of 
Oxygen Consumption in Caudina.* 

Bv 

SiMCiiiKOKU Nomura. 

INTRODUCTORY. 

1 )iverse results have been published as to the relation between the 
respiratory rate in different forms of animals and the oxygen tension 
of the surrounding medium. In vertebrates in general and in some 
invertebrates the re.spiratory rate is almo.st independent of the oxygen 
tension of the medium within a wide range of tension {Dakin 1926, 
Henze 1910, Winterstein 1908, etc.). In some invertebrates, however, 
it is much affected by the variation of the oxygen tension (Tiiunberg, 
Krogh), and it has been shown that the rate is proportional to the 
oxygen tension in .some forms (Amberson and others). Konopacki, 
on the other hand, reports that the rate of o.xygen consumption in 
the earthworm is proportional to the square root of the oxygen tension 
of the medium (Dakin). 

Krogh and Henze maintain the view that the respiratory rate of 
cold-blooded animals Carcinus, Scyllams, Aplysia, Eledone) is 

independent of the oxygen ten.sion of the surrounding medium except 
in some of the simpler forms {e.g., Actinia, Anemonia, Sipmctilns), 
where, because of inadequate respiratory or circulatory mechanisms, 
the rate of oxygen consumption is much affected by the oxygen tension 
of the surroundings. 

The recent work of Amukk.son, Mayerson, and Scott drew our 
attention again to this problem. They claim to have secured evidence 
which indicates clearly, that Henze’s distinction between the simpler 
aind the more comple.x invertebrates, with respect to the re.spiratory 
function, is by no pieans absolute. Theireforc it ig desirable that much 
be done in this line of investigation. 

* A contributioD from the. Marine, l^iolog^'cal laboratory) A-samoshi) Aomori Ken. Tlie 
abetr&ct of this paj>er^waa read Ijefore * the second annnat meeting-of the 25(xdogical 
Society of Japan, held in -Kyoto,' April 5, 19S6< ^ 
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The present paper comprises the result of my experiment on Caudina 
chilensis (J. Muijler), a peculiar form of Holothuroidea, This animal 
has rarely been used for physiological purposes, as far as I am aware, 
owing to its limited distribution (Winterstein, 1909, 1912). It is, 
however, pretty abundant in the inlet of Moura, near the Marine 
Biological Laboratory at Asamushi. The animal lives in the sandy 
bottom and can be collected easily. I was fortunate in being able to 
utilize quite fresh specimens. 

It may be of interest to know how the problem above mentioned 
is to be settled in this peculiar form in connection with the result of 
Amberson and his co-workers and also with the work on this animal 
which is being carried on by my colleagues and will be published in 
the near future in this journal. 

METHOD. 

Ten fresh specimens were allowed to respire in a glass vessel with 
a narrow mouth, containing 1160 cc. of sea water of a known con¬ 
centration of oxygen. The surface of the water was covered with a 
thick layer of liquid paraffine to prevent the diffusion of oxygen from 
the air, as is usually done in such experiments. The water was 
continually stirred up with a small glass stirrer, immersed into tlie 
water through the paraffine layer and driven by an electric motor, to 
fascilitate a uniform distribution of oxygen in the medium. The 
temperature was kept constant, approximately at 10.6''C. 

The decrease in the concentration of oxygen in the medium, caused 
by the respiratory function of the animals, was followed by determining 
the oxygen content of the sample of water withdrawn from the medium 
at fixed intervals, by the Winkler's method with a slight modification. 
For this purpose 16 cc. of water were taken out of the respiratory 
vessel with a pipette at each interval and 10 cc. thereof were used for 
analysis. A few cubic centimeters of liquid paraffine were admitted 
into ^he pipette before the water was withdrawn, so that paraffine 
coverbd the upper surface of water in the pipette and prevented 
diffusion, of oxygen from the air. 0.01 N solution of sodium thiosulphate 
from a micro-burette was used for the titration of iodine. Such a 
procedure as described abov'e, using only 10 cc. of water sample, was 
adoi^ed after it was ascertained that the error of estimation of oxygen 
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lay within a limit easily admissible for the present purpose. The 
volume of the medium gradually diminished, owing to sampling of 
water for analysis. To obliterate the difference of result issuing from 
this change of experimental condition, the time of sampling was 
appropriately corrected as if the volume had been maintained unchanged. 


RESULT OK THE EXPERIMENT. 

The numerical data of one case, where the experiment proceeded 
regularly and satisfactorily, are given in Table I. When the decreasing 
concentration of oxygen in the medium is plotted against the time, an 
exponential curve is obtained (Fig. 1), and when the logarithm of 
oxygen concentration is plotted against time, a straight line is obtained 
(Fig. 2). This relation indicates that the rate of oxygen consumption 
at every instant is directly proportional to the oxygen tension in the 
medium at that instant. 

'Fhe mathematical expression of this relation is given as follows : 

— or 

C ) = ; X' 

t Cf 

where Q and Q indicate the concentration of oxygen «at time O and / 
respectively, and ^ is a constant, e is the base of Napierian logarithms. 

Table 1. 

Decrease in Oxygen Tension in the Medium. 



l.n 0.97 0.81 0.69 


e.74 6.03 4.30 3.66 
0.768 0.700 0.638 0.66il 0.468 



1.39 1.81 1.86 1.88 1.36 1.34 


* Ice. of tbe lodium thiowiphate solution corresponded to 0.0617 cc. of oxygen 
(O'C. 760 mm. Hg.> 
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Fig. 1. I’he decreasing concentratinfi of oxygen in tiie medium is plotted against 
the time. The curve thus obtained is of cx]f>nential form. 



Fig. 2* Logarithms of oxygen concentration of the medium plotted against time 
give a straight line. 






OX\GEN TENSION Alfb OkYOEN CONSUMPTION !St 

Thift vaittft of Jt ifivett ftt the ttible fluOtuates in a somewhat wide 
meige. h tttAy, however, be regarded fb lie within the limit 
of admissible experimental efmm> if we take into eonstderation the feet 
that A wide range of varintioit Is not infrequefttly met with in the 
determination of the respiratory rate. 

(^ENERAI. a^NSIDERATlON. 

It has been shown that the rate of oxygen consumption in Carfdina 
chUmsis is proportional to the oxygen tension of the surrounding 
medium. This confirms the results obtained by Ambeksiw and his 
collaborators. 

As the gaseous exchange in the respiratory surface may be 
explained by diffusion theory alone (5?cnAFER, Halliburton, Barckoi't, 
Bayliss, Burns), “ secretory theory (Haldane) being unrequired, and 
the rate of diffusion of oxygen is proportional to the difference of 
tension of oxygen inside and outside of the respiratoiy sutface (Burns, 
p. 262 et seq.), the result given above would seem to render it highly 
probable that the rate of oxygen consumption in Caudina is determined 
by, and apparently identical with, the rate of diffusion of oxygen 
through the resjiiratory epithelium, the internal tension of oxygen 
being assumed to be zero or approximately fee. If the ihtei’nal tension 
of oxygen is neither zero hor approximately so, it should be diminished 
in proportion to the external tension, when the latter gradually decreases, 
(^r some other factors should play a role to bring about the same 
effect as has been mentioned above. In such cases, the rate of oxygen 
consumption would be proportional tt>, but not Identical With, the rate 
of diftusion of oxygen. 

At any ratCi it seems probable that the oxygen requirement of the 
animal is larger than the supply which diflusian can afibrd, and the 
rate Of oxygen consumption is accordingly determined by the oxygen 
tension of the medium. The tension of oxygen, then, Is the “ limiting 
factor " (Krogh, p* 74) of the respiratory rate, 

Krogh thinks ‘‘that the oxygen pressure becomes tlie limiting 
factor Only When the oxygen supply fells and the oxygen tension in 
some of the tissues becomes zero " (p. 81). In the present material, 
however^ oxygen tension seems to be the limiting factor even at the 
normal oxj^eh tensipa in tlie sea water. 
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The decrease in the rate of oxygen consumption in lower oxygen 
tension can not be attributed to the effect of CO, excreted by the 
animals and accumulated in the medium. Evidence in this line was 
secured by Amberson and his collaborators in various forms of animals 
(Ambkrson, etc., p. 176). 


SUMMARY. 

The rate of oxygen consumption in Caudina chilensis in varying 
oxygen tension is, at every instant, proportional to the oxygen tension 
of the medium at that instant. 
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Ober die Leibeihdhlenfliis^igkeit von Hol9thurien, 
Cauditia chilensis (J. MOller). 

V« )N 


Katsumi Okazaki un4 Tatsuo Koizumi. 

In den lotzten z\^ei jahren habqn wir das und die I^ibes- 
hohlcnflussigkeit voli See-Wirbellosen inbezug auf ihren Gehalt an 
verschiedeneii anorganischen Bestaiid^eilen und ihr^ physikochemischen 
Kigenschaften imUirsucht, uni cine Bichcre Grupdlage zur Bercitung 
der fl’ir die phystologisclien Untersijchungen cjjeser Tiere allgemein 
ublichen Salzlosutlg, wic der Ringerscheil ftii* de)i> Frosch, zu gewinnen. 
Das Material wurde in der Nahe def marinen biologischcn Station zu 
Asainushi gesammelt. Die Analysen selbst wurden teils in der Station, 
teils im biologischen Institut der Unlverstlat zu Sienddi ausgefiilut. 

Uber den Korpersaft von Echfnodermen, und namentlich von 
Holothurioidcil, sind wir noch rcch^ ungenugend unterrichtet. Zwar 
ist durch die Arbeiten von Freokricq, BorrAZZi imd anderen’^ erwiesen, 
dass ihre inrtiSren Fliissigkeiten im allgetneinen einen mit Meerwasser 
ubereinstimnienden osinotischen Drijck besitzen, iiber ihre quantitative 
Zusammensetzung jedoch liegen nuf* dnige, allerdings diirftige Angaben 
vor. IIkni^i und Lalou*^^ fanden n&itilich glciche Mcngcn Chlor in der 
Hohlcnftasslgkeit von Holothurux tuhnlosa sowie von Sticluipiis regalis 
wie im Meerwasser. Nach Bottazzi*^ enthalt die Leibeshohlenfliissig- 
keit von Ifolothuria poll gar koine gelosten Kiweisskolloide. Auch 
Fredericq scheint die Lelbeshohlenflussigkdt von Ifolothuria tuhnlosa 
analysiert zu haben; leider aber war seine Mitteilung uns nicht zugang- 
lich. irtbetreff des Korpersaftes von Candina konnten wir zuerst Nach- 
folgcndes iiber die JErgebnissc der bisjetzt ausgefiihrten Untersuchung 

0 lloiTAZZi. 1908. OttmoUflCher Druck und elektrische l.eilffthigkeit der HUsaigkeiten 
der einzeligen pflAnzlichen und tierischen Organismen. Ergebn. Physitd. 7., S. 246. 

2) V< Henki et S. LaIjOU. 1906. R^gulaticin osmutique du liquule interne chcr les Our- 
.lifts. Regulation omnotique des liquides internes chez les llolotburies. (A^mpt. rend, 
de Biolog. 65> 1224, 1244. 

'V P. HriTAZiSi. 1909* Untersuchtuigen Ulier die Kolloidc dcr LeiljeshOhlenflttssigkcit 
und des Blutcs der f^eetiere. Kolloid Zeitsch. 5* S. 66. 
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der Leibeshohlenflussigkeit von Caudina Chilensis (J. Muller) feststellen. 

Selt Mitsukuri*^ glaubte man bezuglich der Verbreitung diescr 
Spczies In Japah, dass sle auf Zenibako In Hokkaido beschr^kt ist. 
Neuerdings wurde aber von uns gdfunden, dass dieses Tier auch an 
dcr KiLstc von Moura bci Asamushi reichlich auftritt. 

Auflallenderweise pflegt diese See-gurke sich tief in dem humus- 
reichcn Sand zu verbergcn und durch seinen Schwanzteil zu atmen. 
Seine Behausung verrat sich, besondors zur Zeit der Ebbe, durch eine 
kleine ErhohUng auf schicfem See-bodcn, welche in der Mitte eine 
klcinc OflfrtUDg ttagt, aufweist. und unterschcidet sich dadurch von 
der des Arenicolat mariner Anneliden, dass dieses die charakteristische 
bandfbrmige Erhohung von Sand mit seinen Exkreten hervorruft. 

Die zu untersuchenden Tiere wurden an der Kiiste von Moura 
gefangen, sofort in die marine brologische Station gebracht und solche 
von 130-160 mm. Korpcrlange und 35-50 g. Korpergewicht ausgewahlt. 
Die Tiere wurden obetflachlich mit desHllicrtein Wasscr gcspiilt, dann 
mit FUtrierpapier schnell abgewischt, wonhch die leibeshohlenflussigkeit 
direkt aus der Korpcrhohle nach vorsichtigem Durchschneidcn dcr 
Korperwandung entndmmen wurde. Ktvva 16 ccm. Fliissigkeit wurden 
in dcr Regel von einem Tier erhalten. 

Die Fliissigkeit war weinmt und getnibt. Ihr spezifisches Gewicht 
betrug 1.030 bei 22® und ihr Gefrierpunkt lag, mit dem Beckmannschen 
Mikro-apparat gemcssen, bci -1.875. Ihre Reaktlon war nach Cullen 
und Clark Ph.=7.5-8.2 bci 22®. Spontane Gerinnung trat nicht auf. 

Unter dem Mikroscope konnte man eine grosse Menge kemhaltiger 
Erythfocyten, ovalkonvex in Form, mit DurchmCsser von ll-IS/i, und 
ziemlich rdchlich gleichgrOvSse, ein und zwei Pseudopodien fuhrende 
Amodbocyten tmd zuweilen dazu noch einige Rhoniboeder von Kalkcar- 
bonat kon^ticren. Die Zahl der Erythrocyteh betrug 0.15 Milltonen 
pro khirn. 

Zum Zwecke der Enteiweissung wurde die Ftii^igkeit mit 3 fachen 
Mengen ihres Volums 20 procentiger Trichloressigsaure versetzt, gut 
getnidbKt, tentrifligiert, die dben slefaende klare Losung in mehrere 
FMaheh vori bekattHtbhi Vbltflitieh gd^itt uhd folgehddi ^iltim- 
miitigefl verwendel. 

H (C; lirntiiclrlii. 9tbdtoi 6ii A«titMipodcMt« »el». im^r. 

tmiv« Tokya Vol. XXIX, p. 9SI. 
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Von Nr. 1 bi$ 5: Natrium, Kalium, IC^lziiim und Magnesiun^ nach 
Krammer und Tisdall^^ ; Chlor nach Van Slyke"^ ; Phasphat nach 
Briggs''^ ; Sulfat nach Denis^^ ; Kohlensaure nach Van Slykk. 

Von Nr. 6 bis P^nde : Natrium nach Hans Muller^’^ ; Kaliiun und 
Kalzium nach Krammer und Tisdale ; Magnesium nach Hammett und 
Adams'*^ ; Chlor nach Whitehorx"^ ; Sulfat nach Klinke'*^ 

Die folgcnde Tabelle giebt die P>gebmsse der Untersuchung wicdcr. 
Darin ist der Gehalt an einzeincn Bestandteile in Gramm pro 100 cem- 
Flussigkeit ausgedruckt, ausgenoiiimcn die Mengc der Kohlensaure, die 
in Volumprozenten eingetragen ist. 


Tarelle 1. 


Tier-Nr 

Nn 

K 

Ca 

Mg 

Cl 

SO, 

IIVO 4 

CO 4 

1 

1.0420 

0.0368 

0.0.399 

0.0980 

1.8660 

0.2660 

0.00090 

4.68 

2 

1.0328 

0.0.876 

0.0881 

0.0982 

1,9282 

0.2620 

0.00093 

4.61 

3 

1.0520 

0.0.378 

0.0.387 

0.0052 

1.7800 

0.2540 

0.00087 

4.27 

4 

1.0386 

0.0.360 

0.0420 

0.0878 

1.8060 

0.2560 

0.00081 

3.81 

6 

1.0464 

0.0.854 

0.0410 

0.0990 

1.8260 

0,2720 

0 . 0 (X) 8 R 

4.70 

6 

1.03811 

o.OMse 

0.0376 

o.noo 

1.8176 

0.2600 

— 

— 

7 

1.0632 

0.0390 

0.0.389 

0.1J62 

1.8600 

0.2622 

— 

— 

8 

1.0473 

0.0372 

0.0398 

0.1092 

1.8664 

0.2744 


— 

9 

1.0120 

0.0.381 

0.037.3 

0.1023 

1.8269 

0.2677 

— 


10 

1.0766 

0.0396 

0.0400 

0,1167 

1.8411 

0.2687 

— 

— 

11 

1.0729 

0,0336 

0.0414 

0.1085 

1.7986 

0.2622 


— 

12 

1.0201 

0.0388 

0.0417 

0.1082 

1.8266 

0.2473 

-- 

— 

18* 

1.0640 

0.0368 

0.040(1 

0.1147 

1.8291 

0,2600 



in Mittcl 

1.04o2 

0.0.369 

0.0360 

0.1033 

1.8807 

0.2666 

0.00089 

4.43 


Mischung von au.s 10 individuen gewonn^^ner FlUssigkeil. 
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Chem. Vol. 58, p, 528. 
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Wie oben erwalint, I^etrug die Gefrierpunktserniedrigung der I^eibes- 
huhlenflussigkcit von Caudina 1.875®, wahrend BorrAZzi und Frederick 
bei verechiedenen Holothurien Werte iiber 2.3* fanden. Dieser Unter- 
schied beruht sicherlich auf der verschiedenen Beschaffenheit ilirer 
Umgebung, da Caudina zii den |X)ikilosmotischen Tieren gehoren soil. 
In Wirklichkeit waren die Proben des Mcerwassers, die an einer 1,6 
Meilen von Asainushi entfernten Stclle entnommen \vurden, von einer 
niedrigeren Konzentration, wie die folgcnde Tabelle zeigt. Ks zeigt 
sich deutlich der poikilosmotische Cliarakter von Caudina. 

'rABELLE II. 


Na 

K 

Ca 

Mg 

Cl 

so, 

A 

1.1634 

0.0367 i 

0,0431 

0.137.3 

1.0428 

0.2627 

~1.8S6" 


Inbezug auf den Gehalt an vcr.sehiedenen Mineralbestandteilen ahnelt 
die Hohlenflussigkeit ebenfalls dem lungebenden Medium, enthalt jcdoch 
im grossen ganzen weniger Salze als das Mcerwasser. Am dcutlichsten 
treten Untenschiedc in dcr Menge von Chlornatrium und Magnesium 
auf. Bekanntlich wird der o.smotische Druck im Blut dcr Selachier, 
wclche man gewohnlich als das hochstc Mitglied der poikilosmotischen 
Tiergruppe ansieht, durch andcre Substanzen als die ihrer Umgebung 
bedingt, obzwar .seine Hdhc mit der letzteren in genauem Zusammen- 
hang steht. Aus un.st'.ren Untersuchungen ergibt sich, dass schon bei 
Caudina ein Streben, die chemischc Eigenart unabhangig von dcr Natur 
der Umgebung zu bewabren, vorkommt. Dafur spricht auch die 
Untersuchung von Henri und Lalou, die die Undurchlassigkeit der 
Holothurien und Seeigelhaut fiir Salze und Rohrzucker beobachten 
konnten, Nach ihnen enthalt ferner die Leibeshohlenfliissigkeit von 
Sceigeln etwas weniger Chlor als dts Meerwas.ser, wahrend die von 
Hotothuria tubulosa und Stichopus regalis cinen gleichhohen Chlorgehalt 
aufweist wip ihre Umgebung. In die.ser Beziehung steht daher Caudina 
eher den Secigeln naher als den ubrigen Holothurien. 

Zum Schlussc mochten wir Hcrrn Professor Dr. Shinkishi Hatai, 
Direktor dcr marinen biologischen Station zu Asamushi, unsern ver- 
bindlichsten Dank fur seine vielseitige Hilfeleistung bei der Ausfuhrung 
dieser Versuche aussprechen. 





Some Preliminary Studies of the Influence upon Plants 
of the Relative Length of Day and Night. 

l!',' 

YoSHirt Yoshii. 

(With four Plates) 

While the question of the effects of the daily alternation of light 
and darkness on the growth of plants had been previously discussed, 
the effects of the relative length of day and night upon plants seem 
to have never been taken into account until in 1920, Garner and 
Aij,ard (4) first called attention to this subject and showed that the 
relative length of day and night decidedly influences the time of 
flowering of a plant. Tliey found that certain plants attain the flou'cr- 
ing and fruiting stages only when the length of a day falls within 
certain limits and that they become more vegetative with increased 
length of day (short-day plants) ; while other plants require a relatively 
long day to reach the reproductive stage and become weakly vegeta¬ 
tive with a short day (long-day plants). This peculiar effect of the 
relative length of day and night on plants has tieen confirmed by 
many other investigators (fl, 6, 7, 8, 9), while Adams in Canada (1,2) 
holds a different opinion, especially as to the effect of the shortening 
of the daylight period on the flowering time of some plants. Although 
the explanation of this regulatory effect of light is as yet not given, 
the results obtained by Garner and Allard not only present a number 
of interesting physiological problems but also suggest many imjxjrtant 
applications in the practical field of crop production. 

In order to throw some light on this problem, I have carried out 
some experiments with different plants, especially with rice, of which 
I am now making some physiolc^ical and ecological studies. In the 
preliminary studies I intended to investigate whether or not Garner’s 
results hold good in this part of our land, where the latitude, as well 
as the relative length of day and night in the v«^etative season, is 
practreaUy the same as that of Washington. 
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L Experiments in 1924. 

During the summer of 1924 preliminary experiments were carried 
on, which consisted of a series of plantings of wheat, Indian millet, 
buckwheat, sunflower, cosmos, morning glory, egg-plant, and soybean. 
Six sets of each of these plants were planted in pots. For regulating 
the length of day, a dark chamber was used, into which the test 
plants were transferred for a portion of the day; the plants received 
sunlight for eight hours, from eight A. M. to four P. M., or for four 
hours, from eight A. M. to twelve noon. One set of plants, also ex¬ 
posed for eight hours, was transferred daily to another chamber which 
was not entirely darkened. For the lengthening of the hours of Illu¬ 
mination Mazda electric bulbs of 300 watts were used. By means of 
these bulbs the plants were illuminated from sunset till morning, sup¬ 
plementing the daylight. The greenhouse, provided with electric bulbs, 
was opened entirely on both sides. A set of plants (Control B), which 
was entirely excluded from the electric light by a black curtain, was 
placed beside the illuminated plants. Another set of control plants 
(Control A) received the natural daily jxjriod of light in the open air. 

The following results were obtained: Among the plants, morning 
glory, the growing period of which had been known clearly from my pre¬ 
vious paper (I0)'\ showed a striking difference in the flowering dates, due 
to the regulating of the daylight period. The plants had germinated on 
June 10. Under th.e eight hour day and under the four hour day condi¬ 
tions, beginning on June 15, they came into flower on July 11 and 
12 respectively. (Plate I, Fig. C). The controls exposed to the natural 
length of day showed the first flower on August 29. Thus the plants 
of short day blossomed in the early part of the summer, in onjy thirty- 
two days, when the controls had formed, as yet, no flower-bud. The 
plants under electrical illumination had formed no flower-bud even 
when the experiment ended on October 1. Therefore, the growing 
period was reduced ^markably by shortening the daily light period. 
From this ovidenee it is clear that morning glory is one of the mo^ 


O Thin pVuit, pMtecI in early }^un»mer and expoaed to dayl^ht, takes ahpet ]()^ days 
from germioation to tSia first flowering, but the growintr period* is reduce d to about 
half of this tbn* what k is planted in the sliott days in la|e tnmmer or hi autumn; 
in the greenhouse during wiiitar Hkm fiM cane into fiowet aiilhja dppi,. 



INFLUENCE OF RELATIVE LENGTH OF DAV ANI> NfGHT 


145 


striking of the short day plants. 

All the other test plants behaved almost equally toward the light 
regulation. In other words, the plants of the short day ty|)e reached 
the flowering stage earlier than the controls, especially buckwheat, 
wheat, soybean, sunflower, and cosnu^s, which showed a marked 
diflerence. (Plate I, Fig. A and B) The vegetative development of 
these plants was, however, remarkably reduced. The plants exposed 
four hours daily grew very weakly and remained in a dwarfed form 
with but small flower and fruit. With the exception of sunflower 
and buckwheat, none of the plants under the lengthened light exposure 
formed a flower-bud while the controls were in blossom. Most of the 
controls in the open air (Control A) attained the greatest average height 
and weight. In the case of such plants as morning glory, egg-plant, 
and cosmos, however, the controls cx|X)sed to natural daylight under 
the glass screen (Control B) grew more strongly. Since the plants 
under eight hours light exposure reached earlier flowering stages and 
still furnished a good crop, it seems likely that a moderate shortening 
of the daylight period induces, for some pl.ints, beneficial results in 
crop production. 

The results obtained from experiments with ricj plants is ijeculiar. 
In the experiments two varieties of early and late maturing types 
were used. While the early variety, by shortening the day length, 
came into head at practically the same time as the controls, the late 
variety showed heading almost one month earlier than the controls. 
(Plate I, Fig. D) 

On the other hand, in order to see the effect of a lung day On 
the growth of plants somewhat more in detail, experiments were made 
repeatedly in the winter of 1924 and in the spring of 1025. These 
e.xperiments weiHs done in the greenhouse. In order to have conditions 
as uniform as possible the plants were cultivated in an artificial nutrient 
solution. The species used in the experinients were mainly morning 
gbadry, buckwheat^ maiae, and soybean. There were two sets of each 
kind of plants, one set being exposed to electric light, supplementing 
the daylight period. The results obtained always showed a marked 
diflerence: the plants which received a long day period were, on the 
a veragn, lepgyf and hnavior th^ the petrols (Table Buckwheat 

U This ift to h# mitedia V\axt }f \^ A and 
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Table I. 

(cf. Plate II, P'ig. A and B). 


Plant 

Condition 

Average height \ 

Avcr.ige weight*) 

Time of 

in cm. 

1 

t in gms. 

experiment 

Buckwheat 

Control 

Illuminated 

1 

41.6 

64.1 

17.76 

21.67 

April 27 — 

May 27. 1926 

Mai/c 

Control 

6 B .2 1 

40..?l 


Illuminated 

87.8 1 

67..<14 

" 

Morning 

Control 

18.4 

26.4 

June 16 — 

glory 

Illuminated 

30.1 j 

R9.S 

July 9, 1926 


1 ) Thr€c plants in a i)ot. 


was the only plant which was in blossom at the end of the experiment 
on May 27 ; the first blossom of the controls opened a few day earlier 
than that of the illuminated plants. Morning glory formed some 
flower buds in the controls, while those under illumination never came 
into flower. The effect of long days on the growth of plants was 
more distinctly shown by Salvinia, as will be seen in Plate II, I^g. C. 

Concerning this investigation, the results obtained with a shade 
plant will be given. In order to examine the effects of long days on 
a shade plant, seeds of Chrysoslenimn Grayannm were sown in pots, 
and, after the plants had properly developed, one set consisting of two 
pots was exposed to artificiiil illumination during the night. At the 
end of the exi^eriment they showed only a slight difference in growth, 
but the difference became remarkable when in autumn they were 
transferred to the greenhouse to continue cultivation ; the plants which 
had been illuminated grew rapidly, and by and by came into flower, 
while the controls grew weakly without the formation of flower buds. 
(Plate II, Fig. D) Although the explanation of this remarkable behavior 
of a shade plant under illumination is not at present clear, yet it is 

likely that this shade plant belongs to the group of short day plants. 

1 

II. Expekimekt-s in 1926. 

Some further experiments were made in the summer of 1926, begin¬ 
ning on June 16. Six species of plants were used, namely, cosmos. 
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soybean) n%aixe» biKkwheat, and rice. The results obtained in this 
experiment were almost the same as those in the former experiments. 
1 herefore, an^ extended account of the. results will be given for rice 
alone, only summaries being given for other s|x:cies. The methods in 
the present experiments were essentially the same as those described 
in the former cases, in which the plants were transferred to a dark 
chamber for a |X)rtion of the clay, in order to reduce the daylight 
period, or illuminated all night under electric lights to prolong the 
daylight i^riod. Care was taken to have the conditions as uniform 
as possible. Sk)me experiments were also undertaken to throw some 
light on the problem under discussion or to see the influence of light 
intensity upon the form of plant development; as well as uixm the 
chemical constitution of a plant. For shading, a large inostjuito net 
and a hut sheltered by reeds were used, in which one set of each 
of the plants was cultivated. 

The results obtained in the experiments are given briefly in the 
following: 


Taiilk II. 

The exi)erinients extended from June 15 to October 5. 


Plant 

CondiliiJti 

' I )ate of 

' finst flower 

Average height 
in cm. 

Total dry 
weight in gms. 


Control 

Aug. 24 

62 

63 

lluckwhcat 

Illumin.itcd 

Aug. 27 

68 

74 

In a net 

Aug. 25 

66 

8.3 


9 hour day 

j Aug, 1.6. 

38 

67 


Control 

Aug. 20 

46 

122 

Soy Lean 

Illumirmted 

Aug. 2f> 

4S 

65 

In a net 

; Aug. 23 

88 

74 


j 9 hour day 

Aug. 8 

[ 26 

64 


Control 

! Sept. 16 

! i 


1 26 

Morning 

Illuminated 


I 18 

glory 

In a net 

' Aug. 4 


1 24 

9 hour day 

Aug. 2 


; 17 

1 


Control 

j Sept. 6 ! 

! Sept. 9 1 

36 

1 

17 

Maize 

Illuminated 

1 44 

13 

la a net 

Sept: *21^ i 

: . 64 

14 


9 hour day 

Sept. 3 

1 43 

16 


In almost all cases the earliest flowers were obtained by the plants 
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ex|X)sed to a shortened daylight period, including plants not tabulated 
here, although maize and the early maturing variety of rice headed 
at practically the same time as the controls. Except morning glory, 
the plants in the the net always came into flower later than the controls 
in the open air. The plants receiving longer daylight periods by means 
of electrical illumination reached the flowering stage later, hut some 
plants, such as morning glory and a late variety of rice, devebped 
into “gigantism'*—in which no flower-bud is formed at ail. In all 
cases the plants cultivated in the net grew tallest. While the plants 
illuminated in the night were taller than the controls, those exposed 
to shortened daylight periods were smaller. The greatest weight was 
attained by the controls — except in the case of buckwheat in which 
the plants grew most luxuriantly in the net The weight of the plants 
in the net was greater than that of the illuminated plants, while the 
smallest weight was always given by the plants sheltered by the reed 
screeen. The plants that grew in the reduced daylight period were 
also less heavy. That the illuminated plants were lighter than the 
controls in the open air can be explained by the fact that the former 
werd placed under the glass screen and the external conditions were 
not beneficial for plant growth, for the controls placed under the glass 
screen were more weakly developed in every case, than the lighted 
plants, even when they were placed side by side. This supposition 
is confirmed by the experiments in the greenhovise under uniform 
conditions, as already mentioned. 

From the results obtained in these experiments apd in the pre¬ 
liminary experiments we may draw the conclusion that; 

Most of the test plants belong to the sh<5rt-day plants, as Gaknkr 
and Allard pointed out, and they come into flower only when the 
length of the day falls within certain limits, and some plants continue 
vegetotive growth under prolonged illumination, forming no flower-bud. 
In general, the rate of growth is proportional to the length gf the 
daily exposure to light, but for tlie development of flower-buds the 
lengtli of daylight required is variable accordii^g to the kind of plant 
under cultivation. The growth of a plant is forced by slight sbfldtng, 
the jgtants ip a net screen are tallejr»^nd often h^vier* tjiam the controls 
in the open air, but the former generally produce flowers sparingly. 
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in. Experiments with Rice. 

Three varieties of rice diflFering in time of maturity were used for 
the series of experiments^ Seedlings of rice, which were germinated 
in a rice field,*** when about twenty centimeters high, were transplanted 
in pots, ten centimenters in radius and thirty centimeters high, each 
of which contained three plants. Fourteen pots were used for each 
variety and experiments were done in duplicate so that there were 
seven sets in all. Beginning on June 7, they were subjected to various 
lengths of days and to different intensities of light. (*)ne set was ex¬ 
posed nine hours and another five hours daily, while the third was 
exposed to prolonged daylight by electric illumination all night. Control 
B under the glass screen and Control A in the open air received full 
daylight. One set was shaded in a cloth net and the other in a reed 
screen, as already described. 

The following results were obtained: 

Table III. 







1 


9 hour day 

Variety 

Control 

Ilium i- 

Control 

T .. 'r 6 hour 

1 In a net iln a screen' , 

1 ' day 

9 hour 

1 in half 

of rice 

A 

nnted 

H 

dily 

1 darkened 






1 

{ chamlier 




Dale of first heading 


* 

KD 

July 20 

Aug. 2 ! 

July 30 

July 30 

July 30 : July 26 

July 29 

1 July ,30 

I. 

Aug. 22 



Aug. 0 

i Aug. 4 

Aug. 4 

1 Aug. 1.3 

VL 

Aug. 26 { ;Aug. 27 

Aug. 19 

Not raised: Aug. 4 

Aug. 4 

i Aug. 18 




Average dry weight in gins, 
(excluding the root and the ear) 



E 

10.8 

6.6 

7.8 

n.8 

8.7 i 8.1 

11.3 

' 10.8 

L 

22.2 

17.0 


18.8 

1 12.7 

i 16.1 

I 16.2 

VL 

16.1 

16.1 

10.1 

17,0 

4.2 6.8 

I 

j 12.1 

12.8 



Average dry weight t)f rout in dgms. 




4a6 

1.6 1 

1.8 

2.7 

0.4 ! 1.8 

4.4 

1 2.6 

L 

6.5 

3.8 1 


4.4 

I .3.2 

3;8 

i 4-.6 

VL 

6.1 

3.3 

2.8 

4.3 

0.7 i 8.8 

4.3 

1 3.4 _ 


♦ *Wie WrUer expresses his lieiHy gratitude to Wr. V. I'fH aswva, in the t^xpcrimental 
AfjiHtttIMrid dhRtoQ tsf IdiyAgl who kindly supplied hltd With seedlings 

Mil. 
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Variety | 
of rice i 

I 


Control 1 Tllumi- i Control 
A ' nated i K 


I. I ! 

in a net In a screen 

1 ! ! 


5 hour 9,.|}y?Mr 

day day 


9 hour day 
in half 
darkenect 
chninlx.*r 


Average height in cm. 


E 

82 1 

89 i 

74 i 

98 

80 .1 

105 

L 

101 1 

109 1 

1 

110 

! 

73 

VL 

86 1 

96 1 

74 

97 i 

81 ! 

71 


Avenige numlier of basal branches 
(The numl>ets in brackets denote secondary brunches) 


E 

10.7 1 

11.0 

9.S 

11 .3 

6.0 

11.3 

11.7 

11.7 


(3.7) i 

U.O) 

(2.3) 

(3.7) 

(5.7) 

(1.0) 

(0.7) 

(1.0) 

L 

0.7 

8.7 


8.7 

9.7 

13.0 

13.0 


(l.S) 1 



<0.7) 


(6.8) 

(.3.3) 

(0.S» 

VL 

10.0 

0.7 

7..3 

12.3 

2.7 

12.3 

14..3 

13.7 


l0..S) 


(2.0) 


(0.7) 

0.7) 

(.3.0) 

i 


Average nuip)>cr of ears 


K 

10.0 

8 ..3 

5.3 

10.7 1 

6.0 1 

10.0 

10.4 

11.2 


4.8 

None 


7.8 1 

i 

6.7 

12.5 

12.8 

VI. 

8.5 

None 

5.7 

10..3 1 

2.7 

9.8 

14.0 

13.5 




Average length of 

ears in cm. 




E 

i 18.6 i 

17.6 

15.0 

16.0 

14.0 I 

15.0 

17.0 

18.3 

I. 

16.6 

None : 


18.5 i 

1 

j 

17.0 

16..3 

16.3 

vr. 

18.6 

None 

17.5 

16.0 i 

15.0 ! 

16.5 

16.0 

13.6 


Average nunil)er of grains in one ear 


E 

(60) 

(40) 

32 

(60) 

(35) 

(46) 

(40) 

(70) 

L 

78 

None 


(70) 

(40) 

76 

95 

VL 

(80) 1 

None 

50 

(60) 

81 

63 

_!1j 

97 


I) E, Early variety; L, laitc variety; VL, Very late variety. 


THE TIME OF HEADING. 

Under various conditions of light the cigrly variety came into ear 
almost at the same time, the only exception being the set exposed 
to electrical illumination, which came into the first heading in the 
beginning of August, a few days later than the controls. Thus plants 
of long day blossomed practically at the same time as the controls 
exposed to natural day-lengths. 0>ncerning the date of flowering of 
the early variety, therefore, it seems that the effect of reducing the 
light period by shortening the exposed daylight period was the same 







INFLUENCE OF RELATIVE LENGTH OF OAY AND NIGHT 


161 


as that of rcducinij the intensity of light by shading in the net or in 
the reed screen. 

Although the effect of the short daylight period is not so marked 
in the late variety, as in the case obtained in the previous cx[x;riments 
in 1924, yet the heading came much earlier than the controls; while 
the latter came into the first heading on August 22, the plants of a 
nine and of a five hour day had ears eighteen days earlier. The plants 
in the net also showed a somewhat earlier heading. The difference 
was more marked by the very late variety. A remarkable phenomenon 
in the experiments is that in both late varieties of rice under a 
lengthened daily period by electrical illumination, vegetative develop¬ 
ment continued and heading did not occur at all. Thus they experi¬ 
enced the phenomenon described by Garner as ** gigantism.*’ The 
late variety of rice is therefore apparently a .short-day plant, while 
the early variety is indifferent to the regulation of the light jxiriod. 

VVETOriT. 

The early variety of plants which received nine hours of light 
daily attained greater weight than those exposed to lengthened illu¬ 
mination. The reverse is the ca.se with the late and the very late 
varieties. The shaded plants in the net always reached greater weight. 
In the late varieties, the controls expo.scd to the full daylight period 
(Control A) always showed greater weight than those of the short day¬ 
time. Hence, the rate of growth, as far as the weight in concerned, 
is directly according to the length of day, as pointed out by Garner. 
Adams, and Dkatk. Under a five hour light e.xjjosiire, the weight 
of the plants was the smalle.st, except in the case of those plants 
cultivated in the reed .screen. From these results we come to the 
conclusion that light affects the different varietie.s of rice differently,— 
while the early variety attained great weight by reduced illumination 
(provided that it does not go under the minimum limit) the late and 
very late varieties grow rapidly by prolonged exposure. This is related 
to the fact that these late varieties, when receiving full daylight sup¬ 
plemented by electric illumination during the night, never come to flower. 
The cause of the great weight of the shade plants in the net may 
be .sought as other than the effect of the relative length of day and 
night. 
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The period df light exposure doesi not as markedly affect the we^ht 
of the root. The greatest growth of the root was always attained by 
the controls exposed to full daylight (G>ntrol A)* and the difference 
in the varieties was, in this case, not very conspicuous. 

HEIGHT. 

The civerage height of plants, measured to the top of the leaf, 
differs in the different varieties. In the early variety tlie plants expased 
to light only five hours daily were the tallest, the next being the shaded 
plants in the net and the plants exposed nine hours daily; while the 
controls remiained rather smaller. The late and the very late varieties 
attained almost the same height. Just as in the case of weight, the 
average height of the plants in the net and those illuminated by electric 
light were the greatest. Tlie plants under the glass screen — the con¬ 
trols of the illuminated plants (Control B) — always shmved very slight 
results both in weight and height^ irrespective of the difference in the 
varieties. Taking this into account, it may be concluded that the 
growth of the late varieties would be taller and heavier if they had 
been cultivated in the open air, and at the same time illuminated by 
the electric light during the night; 

STOOLING. 

The number of twisal branches is important for crop production, as 
it directly concerns the number of ears of a plant. Tlte late and 
very late varieties behave almost identically Ih stooling under the 
influence of illumination. The greatest number of branches was attained 
by the late varieties in the plants of short day under nine hours of 
light exposure both in dark and half dark chambers, and even under five 
hour exposure an Increase of stooling took place, while but very little 
branching was given by the electricaHy illuminated plants. Oh the 
other hand, irt the early Variety a m^ked increase In the number of 
branches was shown when Under electrical iHumfnafion fn the night 
or when shaded in the net, although an increase of stooling Was also 
shown by the short^day plant. 

EARS. 

The number of ears naturally differs in accordance with stodiilig. 
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As to the number of ears, similar results were shown by the early 
and the late varieties, which behave almost contrary to each other in 
other respects. The greatest number of ears was always a result of 
the moderately shortened day period; viz., under the nine hour light 
exposure out of the dark, as well as the half dark chambcis. The 
shaded plants in the net also increased in the number of ears and 
even in the weak illumination of five hours daily a slight increase in 
the number of ears took place. The plants under glass screens (Control 
B) as well as in the reed screen alway showed only a slight number 
of ears. It appears in the last case that the decreased light intensity 
caused very weak growth in the plant. From the results obtained it 
may be concluded that the increasing of ears comes from decreasing 
light intensity, either by the shortening of natural day periods or by 
shading with a cloth net. The longest ear was attained by the control 
plants exposed to full daylight periods (Control A), but the difference 
in length under various conditions of illumination was not striking. 

NUMBER OF GRAINS. 

To my regret, most of the grains of the test plants were eaten 
by sparrows before the end of the experiments and the total number 
of grains of one ear is not given. From the small number of cars not 
injured, it is supposed that the largest number of grains of one ear 
was also attained by the moderately short day plant. 

The general conclusions to be drawn from the experiments with 
the varieties of rice is that the early and the late or the very late 
varieities of rice res}X)nd to light quite differently, not only in the time 
of flowering, but also in the rate of growtli. As to the time of flower¬ 
ing, the early variety is almost indifferent to the influence of light, 
while the late varieties respond to it markedly and come into flower 
by the short day, but no form of flower-bud is obtained by the long 
day. The late varieties grow strongly under prolonged exix)surc, with 
an increase in branching under reduced daylight period, while the 
early variety attains great weight under a shortened day length, and 
branches a great deal under prolonged day length. 
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IV. Discussion. 

On the basis of their experiments, Garner and Allard (4) grouped 
the plants into two categories, long day and short day plants, depending 
upon the photoperiod or length of daily illumination which results in 
the production of flowers. The results obtained in my experiments 
with several kinds of plants showed that most of them belong to the 
short day plants, but such plants as the early variety of rice and 
Indian millet proved to l^c neither short nor long day plants, since 
they came into flowering in long days as well as in short days at 
practically the same length of time These results and the analysis 
supporting evidence by Adams’ experiment (2) lead us to a tentative 
conclusion that there is probably another group of plants which arc 
nearly or entirely indifferent to photoperiods, but nevertheless are 
affected by other factors as to the time of flowering. For these plants 
no critical photoperiod is essential to the initiation of the flowering stage, 
but they can flower at any length of daylight, provided that light is 
sufficient to pennit the growth of the plant. 

One more important result obtained in this experiment is that the 
early and the late varieties of rice respond to light regulation quite 
differently. The late-maturing variety of rice is one which flowers 
and fruits under the influence of the short day. This would be the 
main reason why the late variety comes into heading only in the late 
summer. A fundamental distinction rests on the difference in their 
susceptibility to the reduction of the day length in the late summer 
or autumn. It is interesting to compare this property of the late variety 
of rice with that of the spring types of wheat and other cereals, which, 
according to Garner and Allard (5, p. 877), respond to the increasing 
day length of spring. Thus, the late varieties of rice are forced to 
flower and fruit by reducing the daylight ixnriod, but not by the pro¬ 
longation of daylight periods by electrical illumination. This result is 
important in the breeding of these varieties of rice. 

I'he curious behavior of winter wheat as to growth and distribution 
has long been known without being explained, but Wanser (8) found 
different responses to the photoperiod in different varieties of wheat 
(p. 314) He concluded that the photoperiod is the key to the distinc¬ 
tion between winter and spring wheats. Garner and Allard (6) also 
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called attention to this point. Moreover, circiimstancial evidence is 
obtained by them which already indicates that the varieties of a plant 
ofifer many interesting problems for discussion. Among them the varie¬ 
ties of soybean respond to daylight periods quite differently (4), the 
very late varieties (Tokyo and Biloxi) never blossomed under illumina¬ 
tion of more than thirteen hours daily. Another remarkable result is 
that stooling in the spring types of wheat, rye, and barley was greatly 
increased under the relatively short, natural day length of winter, as 
compared with the artificially lengthened light i^eriod. This condition 
is reversed in the winter wheat and rye. (p. 899) 

Oaklev and Wkstover (G) have found that the seedlings of various 
varieties of alfalfa respond to the photoperiod so differently that this 
property can be adopted for their quick identification. The results ob¬ 
tained recently by Tinker (7) with the varieties of timothy {Ph/cum 
pratensc) and other plants has confirmed the above statement. From 
the results obtained by these investigators with cereals and other plants, 
as well as those which I found in cxixiriments with rice, the conclusion 
may be drawn that photopcricxli.sm is a critical factor for the distinction 
of the varieties of a certain plant. Hence, I should like to say that 
the most interesting and important results may be obfciined by studying 
the photojxrriod of varieties of various useful plants, thus securing 
jXirhaps, an impoitant application in crop production and plant breeding. 

It is one of the important problems of plant breeding to secure 
varieties of various useful plants adapted to different seasons of the year 
in any given region. Since it is known that the different behavior of 
early and late, as well as spring and winter, maturing varieties of 
some plants should be attributed to response to the relative length of 
day and night, therefore, any detailed studies along this line will give 
very imi^ortant results for the plant breeders. 

V. Summary. 

1) Most of the test plants belong to the short-day plants and they 
come into flower only when the length of the day falls within certain 
limits. 

2) There is, however, another group of plants which are nearly 
or entirely indifferent to photoperiod, but are affected for the time of 
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flowering by other factors. 

3) The rate of growth is proportional to the length of daily exposure 
to light. The growth of a plant is al.so forced by slight shading but 
in this case the plant generally produces flowers ^rini^y. 

4) The early and the late varieties of rice respond to light regula¬ 
tion quite diflerently not only in the time of flow'ering but also in (he 
rate of gnj\vth; the late variety is a short day plant, while the early 
variety is indifferent to the regulation of the light period. 

5} Photoperiodism is a critical factor for the distinction cf the varie¬ 
ties of a certain plant and most interesting and important results may 
be obtained by studying the photc^riodism of varieties of various 
Useful plants. 
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Explanation of Plates. 

\ 

Plate I. 

A, Ciismcw; B, Buckwheat; C, Morning glory. 

Photographed July 14. 1924. 

The plants at the left were exposed to full natural daylight, while the plants at the 
center received daylight eight hours daily and those at the right four hours daily. 

D, Late variety of rice. 

l^otographed August 28> 1924, when Hrst hearling appeared on the plants at the 
left which were exposed to the full daylight. The plants at the right received eight 
hours daylight daily from June 10. They came into first heacling on July 20. 

PL.XTE II. 

A, Buckwheat; R, Maire; C, Salvini^ natam* 

The plants were cultivated in Knop’s nutrient solution in a greenhouse from April 
27 to May 27, 1926. The plants at the left were exposed to a full daylight period, .su|>- 
plemented with electrical illumination in the night, while those at right arc controls. 

D, Chvymleniwn G fay mum. 

Photographed Octolier 10. The plants at the lefl were exposed to the daylight plus 
electrical illumination in the night, those at the right were exfiased to daylight only. 

Pl,ATE III. 


Ijitc variety of rice. 

Photographed September 1, 1926* 

The plants were snbjected to varioQ.s lengths of day and to different light intensities. 
A, Plants sheltered in a net B, Control plants, exposed to full natural daylight. C, 
Plants exposed to the electrical illumination in the night, in addition to natural daylight. 
D, Plants exposed to daylight nine hours daily. E, Plants exposed to daylight five hours 
daily. F, Control pkmts. 


Plate IV. 

Three varieties of rice at the end of the experiments (Photographed October 1). 
Fig. 1, Early variety. Fig. 2, l^te variety* Fig. 5, Very late variety. A, The plants 
nine hour in a half darkened room; B, Plants exposed to electrical illumination in the 
night, suiiplementing the natural daylight. No heading is formed by late and very late 
varieties. C, Controls exposed to the natural daylight period. D, Plants of nine hour day. 
(The grains of rice were eaten by sparrows). 
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Grossenverhaltnis der Geschlechtschromosomen von 
Rumex Acetosa, L. 

V.)N 

T()Mo\vi> ( )no. 

Scit 192J3 ist unserc Kenntnis dcr Geschlechtschromosomen cler 
Pflanzen sprungweise gestiegen. jetzt konnen wir bereits 26 Bcispicle 
cUivon aufzahlen. Die Pflanzon dcr Beispielc vcrtcilen sich auf 14 
Gattungen iind 10 ganz vcrscliiedenc F.amilicn ; die Beispielc im Tier- 
rcich sind gegenwartig ja schon unzahlbar geworden. Unter diesen 
zahlrcichen Beispielen stchen aber die Falle vr>n Ritmex Acetosa^^ 
und R, thyrsifloriis^'^ ganz vereinzelt, nicht niir im Pflanzcnrcich sondern 
auch im Tierreich. Bci der heterotypischen Kernteilung dieser Pflanzen 
tritt ein eigcntumliches dreiteiligcs Chromosom hervor, welches aus cincin 
X-Chromosom und zwei Y-Chromosomen besteht. Bcim Ih*otenor- 
Typus gibt es kein V-Chromosoni. Bcim Lygaens-A^yxiVi^ stehen ein 
(nicht mehr) Y-Chromosoni und ein oder mehrcrc X-Chromosomen 
gegenuber, und Y ist iinmer kleincr als X. Bci Rumex Acetosa und A’. 
thyrsiflorus konimcn aber zwei Y-Chromosomen vor, und zwar sieht 
die Gesamtmenge der Y-Chroniosomcn merkwiirdigerwcise grosser als 
das X-Chromosom aus. lk:vor wir auf dieses Problem noch naher 
eingehen. ist es ndtig zu cntschciden, ob die Gesamtmenge von den zwei 
Y-Chromosomen wirklich grosser als das X-Chromosom ist. Rumex 
Acetosa ist ein gemeines Unkraut in der Nahe von Sendai. Unten 
mochtc ich die numerischen Werte der Grosse von X- und Y-Cliromo- 
somen dieser Pflanze angeben. 

Das Material wurdc mit Caknovs Losung fixiert und die Schnitte 
wurden mit Heidenhains Pasenhaniatoxylin gefarbt. Fiir die Messung 
der Chromosomcn wurden bisjetzt verschiedene Methoden von den 
vcrschiedencn Forschern benutzt (Siehe ! Tisculek, 1922, S. 621-22). 

O Kihara, N. U|k1 Onu, T. 19!l25< The sex-chromosome of Kumex Acetosa. Zeit. Alisl. 

Vererh. Bel. 39, R. 1-7. 

*-) MKURNfAN, O. The chromosome l>ehaviour of some di»>ecioiis plants etc. S<k;. Scienl. 

Fcnn., Ct^mm. Biol. II, 3. S. 1-104. 
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Alle diese Methoden sind aber fiir die genaue Mcssung der Chromo- 
somengrusse nicht geeignet. Zur vorliegenden Untersuchung wurde 
darum die folgende Methode benutzt. Zuerst wurden die Chromosotiien 
mit Hilfe des ZEisschen Zeichenapparates moglichst genau ca. 3500 mal 
vergrossert auf Papier gezeichnet (Textfig. 1-6). Diese Bilder Avurden 
dann wieder durch den LEirzschen Projektionsapparat 17 mal ver¬ 
grossert. Der Flacheninhalt der einzelnen Chromosomen wurde dar- 
aufhin mit dem Planimetcr gemessen. Zur Vergrosscrung wahlte ich 
imnicr die Scitenansicht der heterotypischen Meta- oder Anaphase in 

12 3 4 6 

Ada A A 

der Pollenmulterzelle. In diesem Stadium erfahrt das X-Chromosom 
eine Kriimmung, zur Folge mit zwei h^genden Armen von ungleicher 
Lange. Die zwei Chromosomen (y, und y,) binden sich jc eins an die 
Enden der Arme. Zwischen den beiden Y-Chromosomen ist imnier ein 
kleiner Unterschied bemerkbar. Das grossere wird y, und das kleinere 
yj genannt werden. Es ist inimer die Regel, dass das y, am P"nde 
dcs kurzen, das y* am Ende des langen Armes des X-Chromosomes 
sich orientieren und dass vom X-Chromosom das y, stets ctwas friiher 
als das y, nach dem Pole sich zu trennen pflegt. Die Messungsergebnisse 
sind in der folgenden Tabelle zusammengestellt. 



X 

71 

7i 

yi+y» 

TcxUir. 1 

106.4 ci«* 

74.8 cm* 

70.6 cm® 

145.4 cm® 

M 2 

102.7 

86.1 

68.4 

154.5 

« 8 

101.9 

77.3 

67.9 

145.2 

.. 4 

107..S 

73.0 

68.9 

141.9 

.. 5 

04.2 

82.7 

64.3 

147.0 

Durchschnitt 

106.6 

78.8 

68.0 

146.8 


Aus dem obigen Resultat kann man natiirlich den Skhluss ziehen, 
dass bei dieser Pflanze das X-Chromosom kleiner als die Y (=ty,-fy,) 
Chromosomen ist. Das Grossenvcrhaltnis von X und Y ist etwa 
100:139. 





Yeasts Isolated from Flower Nectar. 

By 

Tadao Jim no. 

(With six Tables and two Plates) 

I. INTRODLlCriOX. 

Yeasts found in flower nectar, so-called “ nectar-yeasts,” have been 
investigated by Reukauf (1), SxoLris (2), Hilkenbach (3), Schuster 
and Ulehla (4), Schoelluorn (5), and Hautmann (6). 

Reukauf csjjecially treated a yeast found in the nectar of Sa/via 
praiensist S. verticillatay etc., and advanced a view that generally each 
kind of flower lodges specific kinds of yeasts on account of the different 
qualities of the nectar. 

Stoltz investigated yeasts from twelve kinds of flowers in Germany. 
He often found so-called ** Kreuzfbrm,” namely cruciform cell-colonies, 
and recognized a relationship between insects visiting flowers and the 
occurrence of yeasts in the flowers; he never found yeasts in closed 
buds. 

Hilkenbach made an extensive research on the distribution of 
yeasts on various parts of plant lx)dies, especially stigmas, and described 
twelve forms of yciists which he had isolated. He investigated the 
stomas of about ten flowers in each of about one hundred species of 
plants in the botanical garden of Kiek Germany, in the summer of 
1910 and in the spring of 1911, making a culture from each flower, 
and found yeasts in 60^6 of the flowers of most of the plants in tlie 
summer and in 20^ in the spring. He also very often found yeasts 
in spurs, on pollens, on floral leaves, and even on the leaves of 
Drosera^ etc. 

Clear evidence that the infection is effected for the most part by 
insects, although the wind also plays some part in it, is shown by 
the facts that there was less infection in flowers pollinated by the 
wind than in those pollinated by insects, that closed buds were quite 
sterile, that flowers covered with gauze to keep out insects showed a 
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j[x:rcentagc of infection as small as in anemophilous plants, that the 
rate of infection increased according to the increase of the temperature, 
i. e., no infection in the early spring and the highest rate of infection 
in the summer, and that yeasts were found only seldom in plants in 
rooms and in the greenhouse. The author could very often isolate 
from the todies of various insects the same yeasts as were found in 
the flowers. 

This author distinguished twelve forms of yeasts among his cul¬ 
tures. He did not recognize specific relations between the form of 
yeast and the kinds of flowers in which it was found and observed 
that most of the forms were found in nearly all kinds of flowers. He 
described the morphology of those cultivated on “ Biomalz with agar. 
Among the twelve forms, three forms are white, two grey-white, two 
pink, one yellow, two yellow-brown, one grey-brown, and one violet, 
one of the pink forms being identical with Tonila gliUinis Pringshf.im 
et Bilewsky (7). One of the white forms was found to be in “ Kreuz- 
form in the nectar of Aqidlegia and on the stigma of Digitalis 
purpurea- Ascospore formation was never found. (')n agar media, the 
yeasts show strong growth on 10 9 ^ glucose or maltose, medium growth 
on saccharose, and weak growth on lactose, without the addition of 
minerals. The optimum temj:)erature for growth is 16-18®C. Light 
retards their growth. 

Scfiu.STER and Ulehla investigated about sixty species of plants 
in Prague in the spring and summer of 1912. They found infection 
in twenty-three species, from which they isolated ten forms of yeasts. 
Two of them were rather widely distributed in various plants, while 
the other white, red, brown, and violet forms were each found in a 
single sjDecies of plant. One of these two forms showed “ Kreuzform ” 
in the nectar, as well as in some culture media, and was recognized 
to be identical with that mentioned by SroLTZ. These investigators 
noticed that the infection is mostly brought about by insects visiting 
the flowers, deiiending on w^eather conditions. 

ScHOELLHORN made investigations on nectar-yeasts from winter 
plants. He isolated from the nectar of Salvia pratensis a kind of yeast, 
Nectaromyces cruciatus Schoellhorn, which often formed “Kreuzform,’' 
especially in a culture medium which contains 20^6 glucose, 159^ 
saccharose, 1 96 maimitc, 3 ^/o K^SO^, 19 ^ K 5 HPO^. Besides this, he 
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isolated ten forms of Torula from other plants. Frequently they also 
showed “ Kreuzform ” formation, for which honey served as a favourite 
medium. These yeasts never formed ascospores. He recognized that 
as a general rule the same kinds of flowers bl(x>ming in different places 
lodge the same kinds of yeasts at the same time every year, and 
ascribed the greater part of infection to the bee. He found less 
infection in alpine plants than in plants of the plains. 

Haotmann, who treated a kind of nectar-yeast, Anthomyces Rcu- 
kaufii, also paid much attention to the ** Kreuzform.” He came to 
the conclusion that a low concentration of nitrogen (less than 0 . 0019 ^), 
a high concentration of sugar (more than 209 ^ for saccharose), and 
good ventilation are necessary for ** Kreuzform ” formation. 

Summarizing the works of these authors, we find the main points 
of our knowledge about nectar-yeasts up to the present may be stated 
as follows: 1 ) Yeasts are very frequently found on various plants, 

in the flower nectar, as well as on the stigmas, other parts of the 
flowers, and other organs, 2 ) they are distributed mainly by insects, 
the wind playing a lesser part, con.sequently, a cold climate and rainy 
weather hinder distribution, 3) some authors maintain that a definite 
plant lodges definite yeasts, but others deny this, 4) about ten (at 
most twelve) forms, which arc white, red, yellow, brown, or violet, 
were isolated by the investigators, 5) ascosjX)re formation was never 
observed, 6 ) the nectar-yeasts very often assume in nectar a ixjculiar 
form of cell colonies, so-called “ Kreuzform,” which is perhaps especially 
brought about by a high concentration of sugar in the nectar. 

These inve.stigations on nectar-yeasts were all carried out in Eurojie. 
No research along this line has been made in Japan until now. 
Following the suggestion of Professor Dr. Hans Moliscu, I have 
engaged in this work in Sendai since the autumn of 1924, the greater 
part of the experiment has been done since April 1926, during the 
course of my third year as a student of the Biological Institute of the 
Tohoku Imperial University. 

I wish to express to Professor H. Moliscu, Professor Y. Yoshii, 
and Professor S. HibiNo my appreciation and thanks for their valuable 
suggestions and advice, as well as to Dr. T. Pro for the verification 
of the names of the phanerogams which I investigated. 
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U. EXPERIMENTS. 

During April, May, and June 1925, 273 flowers of twenty-three 
species of plants blooming in the city of Sendai and its neighbourhood 
were examined with regard to yeast infection of their nectar, and all 
the forms of yeasts thereby found were isolated and their principal 
characters investigated. 


T. Methods, 


Kach flower collected was cut off in situ with sterilized scissors, 
and was at once put into a glass tube containing a piece of wet cotton 
at the bottom and closed with a cotton stopper, the whole of which 
was sterilized beforehand. The collection was then carried to the 
laboratory. When the flower was too large to put into the tube, as 
in the case of Camellia^ it was wrapped in sterilized paper. 

The greatest part of the nectar was taken out by means of a 
sterilized, pointed, thin glass tube, the canal of which was stopped with 
a piece of cotton near the upper end to prevent infection by the 
breath, and was blown into a melted culture medium in a test tube, 
and the mixture being then poured into a Petri dish. 

The culture medium was composed of the following: 

Knop’s solution 100 cc. 

Sciccharose 10 gms. 

Agar 1.8 gms. 

The formula for Knop’s solution used here was as follows: 


Distilled water 
Cakium nitrate 
Potassium nitrate 
Potassium biphosphate 
Magnesium sulphate 
Iron trichloride 

. The Petri dish was kept under a bell jar 

;; 

The culture media in the Petri dishes inoculated with tiie nectar 
sometimes remained sterile. 

This proves that the nectar had been sterile, as far as organisms 
which are adapted to this medium are concerned. Generally, however, 


1000 cc. 

1.0 gms. 

0.25 gms. 

0.26 gms. 

0.25 gms. 
trace 

on the table in the 
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various colonies, not only of yeasts but of other fungi or of bacteria, 
appeared in a dish, often in great numbers. Although under ordinary 
circumstances the colonies of other fungi and bacteria were easily 
distinguished from yeasts by the naked eye or under a microscope, 
owing to their morphologiail characters, it was often not so easy to 
identify the colonies of the same kinds of yeasts among many yeast 
colonies. In this case, the appearance of the colony and the form 
and size of the cell were the only available criteria in identification, 
and direct observation of the colonies under the microscope was the 
only way of observing such features of the cell, for it was quite 
impossible to make a pure culture from each of the many colonies 
and to compare every character or even to investigate the cells closely 
in microscopical preparations taken from each. In consequence, the 
identification might not be an accurate one, nevertheless, it was regret¬ 
fully inevitable. 

Pure cultures of all the forms of yeasts in each Petri dish were 
prepared and kept in streak- and stab-cultures for further identification 
with those from other dishes, and later the collection of such pure 
cultures was investigated to identify the same forms among them. At 
this time manifold morphological characters of the colony and the cell 
(in microscopical preparations) in the plate-culture and the appearance 
of the streak- and stab-cultures were taken as the criteria. 

Thus I have got a table on the distribution of these nectar yeasts. 
Table II, and the sample of every form of yeast, which was closely 
investigated concerning its principal characters which are described in 
the following section. 

3, Distribution of the yeasts. 

Twenty-three species of plants, as arc cited in Table I, were 
investigated witli regard to the nectar of their 273 flowers which were 
blooming from April 20 to June 27 of the year 1926 at five places 
in the city of Sendai and its neighbourhood, namely : A) the garden 
of the Biological Institute of the Imperial University in Sendai, situated 
in the city, B) a garden in the city, which is about one kilometer 
from the former, C) a woody terrace, called Muko-yama, in the 
south-western part of the city beyond a river, D) the environment 
of a hill, named Taihaku-san <and dbout six kilometers west of the 
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city, E) Mt. Zao, 1840 meters in altitude and about fifty kilometers 
distant, south-west of the city of Sendai. I will call these five places 
briefly A, B, C, D, and E, respectively. 

I^ss than ten flowers of a single species of plant in a single place 
were investigated at a time, but often the same species was investigated 
repeatedly in different places or on different days or both in different 
places and at different times. In any case, older flowers, not those 
which seemed to have just opened, were chosen. The flowers were 
always collected after at lca.st one fine day, never just after rain. 
These precautions arc necessary to get average data concerning the 
distribution of the yeasts. 

Almost all of the twenty-three sjxicies, and 120 (44 9^) among 27 
of the flowers, lodged yeasts, which belong to twenty-two forms, ten 
forms of them being scarce. 

Although sometimes the nectar was quite free from organisms, it 
was usually infected with diverse numbers of bacteria, yeasts, or other 
fungi, any of them alone, any two, or all together in a single flower. 
In the present investigation I have paid no further attention to bacteria 
and fungi other than yeasts. 

The data along this line are put together in Table II. Statistical 
considerations based upon these data and made from various points of 
view are shown in Tables III, IV, and V. According to these tables 
I may conclude as follows: 

1 . The nectar-yeasts arc widely distributed in nature, not only in 
the town and in the field but also high on the mountain. 

2 . The same forms of yeasts arc found in the nectar of various 
plants and in different places. 

3. The some species of plant very frequently shows different rates 
of yeast-infection and different forms of yeasts according to the place 
and the time, in other words, no definite relation between the species 
of plant and both the rate of infection and the form of yeast can Idc 
^ recognized. 

4. The rate of infection increases with the seasonal rise in 
temperature, as some of the preceding authors have pointed out. 

j. Description of the yeasts isolated. 

The principal morphological characters of the twenty-two .forms of 
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nectar-yeasts which I isolated are ^iven in Table VI. 

The conditions of culture in which the yi‘asts show such characters 
arc as follows: 

1. The composition of the culture medium is the same as above 
described. 

2. Temperature about 25‘’C. 

il. In darkness. 

The plate-cultures were observ'^ed for two weeks after inoculation, 
and consequently the descriptions under “ Plate-culture refer to the 
characters of the colonies and the cells during that time, those of older 
cultures bein^ outside our attention here. The properties of “ Colony " 
are concerned with the colonics on the suifacc of the medium, except 
that the |Xiculiar properties of the ed^e of “ Deep-seated colony,” or 
colony within the medium, are particularly mentioned. The size of the 
cells was measured in the mother cells of cell colonics, but in a few 
cases, in which cell colonies were so scarce, I had to measure sin|rular 
cells. The latter cases are e.specially noted in Table VI. The slime- 
halo was observed in fine Chinese ink. 

The streak-cultures and the .stab-cultures were observed for one 
month. Of cour.se the colonies of the streak-cultures and the stab- 
cultures generally show properties similar tt) those of the plate-cultures, 
c. g., similar colour, similar lustre, etc., tliercfore I shall describe only 
those jx)ints which differ from the plate-cultures or are particularly 
remarkable. 

The .slirne-halo is lacking in young cells in any ca.se. 

“ (3il-drop ” means inclu.sions of the cells, which appear as minute 
granules or drops of diverse sizes and are .stained orange-red by Sudan 
III. In young cells the oil-drops are so small that they look like 
mere graniile.s, but in mo.st of the forms of yeasts they grow larger 
according to the growth of the cells and give ri.se to yellowish refractive 
drops. 

Vacuoles are often consi:)icuous and are often large in most of the 
forms. They are of less importance as a s[)ecific character of each 
form. 

By the repetition of a culture a few times under the same conditions, 
it was proved that every character described here holds constantly in 
each form of yeast. 
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Ascospore formation lias never been observed in any form, in spite 
of the culture being on gypsum blocks with bottoms immersed in 
water at about 26“C. 

Fermentation tests, with Smithes fermentation tubes filled with 
Knop*s solution containing lOfi sugar and kept at about 25®C, showed 
negative results with dextrose, saccharose, maltose, and lactose. These 
yeasts apparently have no ability for alcoholic fermentation with these 
sugars. 

“ Kreuzform,” which has never appeared in the cultures, was found 
only in a few cases in the nectar, although I examined the nectar of 
most of the flowers directly on inoculation. In two flowers of /m 
sangtdn^a, collected in B-placc on June 11, the Kreuzform ** was 
found among normal cells in the nectar, and the nectar of one flower 
of Lonicera grac.^ collected in A-place on May 13, showed a great 
number of cells which were in Kreuzform.** It was proved by the 
cultures that in the first two flowers all the cells, both in the normal 
forms and in the Kreuzform,** were of the yeast No. 13 and in the 
other all of the cells, which were assuming “ Kreuzform,'' were of 
No. 12. Moreover it was peculiar that, at the same time, the other 
flowers of Iris and Lonicera which were also proved to contain the 
yeasts No. 13 and No. 12, respectively, did not show the “ Kreuzform.*' 
According to these facts we may believe that the Kreuzform is a 
modification of the form of the yeast cells sometimes caused, perhaps, 
by some conditions of the nectar, and that the yeasts No. 12 and 
No. 13 can assume the ** Kreuzform.'* 

Extracdlular-oil formation of form No. /^. 

Form No. 19 is peculiar among the twenty-two fonns by its 
specific character of forming oil not only in the cell but also out of 
the cell. In the plate-culture, in the way above mentioned, a great 
number of oil drops appear among the yeast cells in the colonies. 

^ Young colonies, which are only about three days old, are proved 
by microscopical preparations to have already formed extracellular cil 
drops, although the drops are too small to be observed directly in the 
colonics under the snnall magnification of the microscope. In about 
five day old colonies abundant small drops can be observed directly, 
and in about seven day old colonies they beconfie quite numerous 
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and larger, being scattered all over the colonies. Colonies at the 
bottom of the dishes also show extracellular oil drops. 

The extracellular oil drops are round, or roundish, and at the 
margin of the colony tend to lie along it in elongated shaj^cs, which 
often, in old colonies, surround the greater part of the periphery of 
the colony. The largest drop found in the microscopical preparations 
is 30/i in diameter. 

The extracellular oil drops are also observed in one, two, three, 
and even four month old streak-cultures. 

The intracellular oil-drops are at first minute in young cells but 
gradually grow larger according to the development of the cell and 
finally become very large (within two weeks). In the three day old 
colonies, in which the formation of extracellular oil is recognizable, 
every cell shows only small intracellular oil-drops. 

The extracellular oil drops are yellowish and refractive like the 
intracellular ones. 

The microchemical properties of the extracellular drops, as follows, 
prove their oily nature. The extracellular drops stain orange-red with 
Sudan III, red with alkannin or with scharlach R, and blue with 
cyanin, but are inert to osmium tetroxide. While these reactions to 
the dyestuffs are in common with the intracellular oil, the inertness to 
osmium tetroxide is different, as the latter blackens itself in reducing 
it. If the extracellular drops are treated with a mixture of a con¬ 
centrated solution of ix)tassium hydroxide and ammonia water (8), 
needle-shaped crystals of soap arc formed. They arc not soluble in 
cold or hot water but are .soluble in all the following common solvents 
for oil, i. e., petroleum-ether, ether, acetone, chloroform, carbon disul¬ 
phide, benzene, and xylene, and are, moreover, soluble in alcohol — like 
castor-oil. 

The composition of the culture medium influences the formation of 
the extracellular oil. 

When the yeasts are cultivated in a culture solution of the same 
composition as before but free from agar, i. e., Knop’s solution with 
109 ^ saccharose, in which this yeast forms pink sediment and slight 
pink flecks on the surface of the turbid licjuid, no remarkable difference 
in the formation of the extracellular oil, as well as in the development 
of the intracellular oil and in the morphology of the cells, is observed. 
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In the presence of various organic components (besides agar) in the 
culture medium instead of 10 96 saccharose, the development of the 
extra- and intracellular oils is as follows; 


Organic component ! 

Development of 
extracellular oil 

Develimment of 
intracellular oil 

1 Growth 

Saccharose (the usual) 

10^ 


4-4-4- 

4-4-4-4- 

Saccharose 


4-4-4- 

4- ‘h 4- 

4-4-4-4- 

Dextrose 

2% 

4-4- 

-4" -f- 4- j 

-b -f- 4- 4“ 

Maltose 


! 4- 

4-4- j 

4-4-4-4- 

lactose 

2?; 

I 

4- ! 

1 + 

Starch (soluble) 


- 

-h 

! + 

Dextrin 

2% 

- 

-4“ 

i + + + 

Glycerine 

2% 

- 

-1- 

j 

1 4-4-4- 

Mannitc 

2?i 

4-4- 

4-4- 

; 4- 4- 4- 4- 

Calcium acetate 

2« 

4-4- 

-4- '4' -b 

j 4-4-4- 

Tyrosine (nearly saturated) 0« 04^ 


4- 

1 4-4- 

As^Kiragine 


• - 

-h 

4-4- 

Peptone 

b% 

-- 

4- 

1 4-4-4 

Saccharose 10?^+peptone Ipi 

4-4- 

4-4-4- 

1 4-4-4-4- 


In the column “ Development of extracellular oil,'* — shows no 
formation, and + formation, of which the increasing rate is indicated 
by the increasing numbers of +. 

In that “ Development of intracellular oil,” ++ 4 - shows that the 
drops arc large, ++ medium, and -f small. 

The method of plate-culture used here is quite the same as that 
usually employed in the present investigation, and the observation also 
lasted for two weeks. 

The mode of the formation of the extracellular oil was judged by 
both direct observation of the colonies, intact and spread with a 
platinum wire, and in microscopical preparations. 

“ Growth ” was compared with the growth on streak-cultures. 

No remarkable change was noticed in the nature of the colonies 
and the cells in all the cases except in the case of ‘ Peptone 69 ^/ in 
which the cells are roundish and larger ( 8 - 12/4 long). 

In the culture with calcium acetate, precipitation of crystals of 
calcium carbonate in the environment of the colonies took place, which 
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phenomenon Molisch (9) closely investigated/ 

As is shown in the table, the development of the extracellular oil 
is parallel to that of the intracellular oil and, moreover, to the rate 
of growth in general. 

In the literature within the scope of iny knowledge, only one 
species of yeast which forms extracellular oil is described, Tonda rtthra 
SeniMON (10,11). Tonda rubra, which was found in the reserve water 
in a brewery, resembles my yeast but further close investigation is 
necessary to determine whether they are identical or not. Besides 
Tonda rubra, Schimon described another, Tonda sauj^uinca Schimon 
(10,11), which was isolated from a beer. Tonda sanguinea has many 
characters in common with T mbra but is es[)ecially distinguished 
from the latter in its lacking a slime-halo and by the non-formation of 
extracellular oil, as well as by the weaker development of the intra¬ 
cellular oil. Therefore it resembles my yeast No. 20. 

SUMMARY. 

1. The author investigated the nectar of 273 flowers of twenty-three 
spcQ^ of plants which were blooming in the city of Sendai, Japan, 
and its iwghbourhood, during April to June 1926, and 120 (44^) 
flowers beStmgUkg to almost all of the species were found to be infected 
by yeasts which could be distinguished in tw^enty-two forms, ten forms 
of which were scarce. 

2. The same forms of yeasts were found in the nectar of various 
plants and in diflerent places, not only in the town and in the fleld 
but even on the high mountain. No definite relation between the 
species of plant and both the rate of yeast infection and the form of 
yeast could be recognized. 

3. The rate of infection increased with the seasonal rise in 
temperature. 

4. Among the twenty-two forms, two forms are colourless, two 
yellowish, ten white, one yellowish white, one orange, five pink, and 
one chocolate-coloured. 

This form of yea«t, named No. 10, had been fir»t isol.'ited by me from tlie flower 
nectar of Antifrhitmm nujm Idoomiofr in the garden of the Institute in September 1924, 
and the experiments concerning this yeast were carried out under the direction of Professor 
H. Momsch during his stay in Sendai. 
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6. Ascospore formation has never been observed. 

6. Alcohol fermentation is not manifest with dextrose, saccharose, 
maltose, and lactose. 

7. So-called Kreuzform ’* was seldom found in the nectar, never 
in the culture. It was assumed by two forms of yeasts. 

8. A pink form is peculiar in that it forms a considerable amount 
of oil out of the cell, as well as intracellular oihdrops. This is contrary 
to the common yeasts except Tornla rubra Schimon, which resembles 
this form. It is a question for the time beinjj, however, whether they 
are identical or not. The extracellular oil is formed in Knop's solution 
with agar in the presence of saccharose, dextrose, maltose, niiihnite, 
or calcium acotate, never in the presence of lactose, starch, dextrin, 
glycerine, tyrosine, asparagine, or peptone. The development of the 
extracellular oil is parallel to that of the intracellular oil and to the 
rate of growth. 
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EXPLANATION OF PLATES I & II. 

The typical cells of every form. 1200/1. 

The number of the figure o>rrespontls to the number of the form. 

The circles in full lines in the cell show the oil*drops, those in dittted lines the 
vacuoles. The dotted lirvc around the outline of the cell indicates the outline of the 
slinie>halo. 

Fig. 13. a) Normal cells, b) Durable cells. 

Fig. 10. a) Young cells from a three day old colony, b) Older cells from a seven 
day old colony, c) Old cells from a fourteen day old colony. 

Fig. 17. a) Young cells from a three day old colony, b) Older cells from a five 
day old Colony, c) Old cells from a fourteen day old colony. 

Fig. 18. a) V'ounger cells from a seven day old colony, b) Old cells from a 
fourteen <lay old colony. 

Fig. 19. a) Young cells from a three day old colony, b) Older cells from a five 
day old colony. ’ c) OUl cells from a fourteen day old colo»»y. 

Fig. 20. a) V<iungcr cells from a five day old colony, b) Old cells from a fourteen 
day old colony. 

In the other figures only old cells frt»m fourteen day old colonics are shown. 


'PABJ^E I. ■ Plants investigated. 


1 . 

2 . 

.T 

4. 

6. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 

12 . 

13. 

14. 
16. 
16. 

17. 

18. 

19. 

20 . 
21 . 
22 . 
28. 


Erythfomwn japonicnuty Makino. 1 

HclomopsU orientaluy Tanaka. l(I.iliufeae) 

liemerocnllis disiichaf 1) >nn. v.ir. ICwamo, NaKM. * 

Iris Pseiuiacornsy L, 1 . 

r . . ^ iriridnceae) 

Ins sangmn^a^ Donn./ 

AquUeda fl^ibellata^ Si i n ct Zua\) 

--/Wi^A'.V.Chybrid) j(Ranunc»laceae) 

Epimedium meuranthum^ Mokk. el T)kcnk. var. liolactuniy Fk. (Berberidaceae) 

CtMenonules lagenariat Koinz, ) „ 

r, « . r. . . WRosaceac) 

Prunus Perstcat Sieb. et Zucr. var. vulgaris^ Maxim.) 

Camellia japonicoy L. var. kortensisy Makini). (Theaceae) 

X^'iola grypoceras^ A. Gr ay.I 

Viola tricolor^ L. /(Violaceae) 

Viola violacea, Makino. * 

Shortia soUlaneUcides^ M\K1N(), var.jjr/rwi/wi. Making, f. typicn, Mvking. (f>iaj>ensiaceae) 

Rhododettdron Kaompferi, Planch. 1 . 

Rhododendron nihoense, Nakai. ) 

Primula japmiieay A. Gray. (Prirnulaccacj 

Antirrhinum rrtajus, I.. . 

' ^ >(Scrophulariaccaci 

Digitalis purpurea, L. / 

DierviUa japonica, DC. i 

/.onicera graeilipes, ex, glabra, Mig. |(Caprifoliaceae) 

Lonicer.i semp^rvirens, AIT. " 
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Table II. Distribution of the yeasts. 

*) In this column, a, h, c.. ..indicate each individual flower of the same plant 
lodging yeasts. 

**) In this column, -f- means (scarce), 4- -f- (many), and 4-4-4- (numerous). 

In the plants thus marked I investigated inflorescences, mixing the nectar 
from all the flowers of each inflorescence. 


Plants 

examined 

Lo¬ 

cality 

Date 

... .1 

Number 
of flowers 
examined 

Kiuml>er 
of flowers 
lodging 
yeasts 

Form 

of 

yeast 

Number of flower 
lodgii^ each 
kind of yeast* 

t'rcqucn- 
cy of oc¬ 
currence 
of yeast** 


C 

Apr. 28 

1 

1 9 

3 

No. 7 
No. 18 

3 

1 

4- 

-b 

Efythrotdum 


i 

1 

2 

1 

No. 7 

1 

-f4- 


D 

May fl 

i 

j 

1 1 

7 1 

1 

1 

2 

No. 7 
No. 1$ 
No. 18 

la 

Ib 

la 

4-4- 

4-4- 

4- 



Apr. 20 

2 

0 

* i 

j 




Apr. 22 

6 

0 

1 

1 



i 

\ 

C 

Apr. 28 

1 

3 

8 

No. 1 
No. 2 
No. Id 
No. 20 
No. 4 

la 1 

lb 
lb 
lb 

Ic 

4-4-4- 

4-4-4- 

4-4-4- 

4-4-4- 

4-4-4- 



Apr. 22 

1 

6 

0 



1 



Apr. 28 

_ i 

3 

2 

No. 2 

I No. 18 

2 

1 

-1"+- 

4--4- 

HemtrocnlUs 


’ i 

June 17 

1 * 

5 

6 

No. 2 
No. 13 

■■‘T’.1 

4--b4- 
4 . 4 . 4 - 

C 

6 

1 

No. 16 

1 

-f 

hU Pseud. 

A 

June 9 1 

8 

8 

No. 18 
No. 18 
No. 19 

8 ! 
u 

lb i 

4- 4- -f 

1 + 

i 4--f-4- 

Ifts sasigHin. 

B 

1 

June 11 1 

8 

1 j 

'7 

Na IS, 
No. 15 
Na 20 

7 i 

la 

la 

4-4^4- 

4--f- 

4 . 4 . 

Aqmiegia /label. 

A 

May 13 

e 

3 

No. 3 
No. 18 

1* 1 

lb 1 

4* 

4- • 



1 

i ] 


No. 19 I 

Ic 1 

4-4-4- 
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Plants 

examined 

cality 1 

1 

Date j 

1 

Number 
of flowers 
examined 

Number 
of flowers 
lodging 
yeasts 

Form 

of 

yeast 






No. 2 

AtjniUffia (hybrid) 

B 

June 2 

1 

10 : 

6 

1 

No. 17 

No. J8 

. 


June 11 

7 

7 

No. IS 


C 

May 14 

9. 

1 

No. 7 

Kfinuttium*** 




0 

— — -; 


D 

May 3 

_ . 

5 

0 




Apr. 29 

4 

1 

d 


A 

May IS 

3 

2 

No. 3 
No. 7 
No. 16 
No. 18 
No. 19 

Chaenoftieles 


Apr. 29 

6 

0 



i 

May 2 

10 

1 1 

No. 18 


B 

! 

May 14 

2 

1 ■ 

2 

No. 11 
No. 13 
No. 14 
No. 18 


D 

May 3 

7 


No. 11 

Prunw 

A 

Apr. 29 

j- - - 

6 

f.. 

I 

No. 2 



May 2 

5 

j 


Camellia 

May 14 

1 

h 

j 0 

1 


1 

C 

■ 

May 14 

4 

1 

No. 8 
No. 12 


A 

Apr. 22 

5 

1 1 

No. 6 

Viola gryf* 

1 

i " 

Apr. 28 

h 

i 2 

1 

No. 7 1 
No. 18 1 


D 

May 8 

5 

1 

No. 7 1 


4 

0 



Mumlicr of flower| 
lodging each 
kind of yeast* 

na 

lli> 

Ic 
(2d 
\la 

7 
1 


Frequen¬ 
cy of oc¬ 
currence 
|of yeast** 

i “f"F -f- 
I 4-4-4- 
I 4-4- 
4-4-4- 
4- 


I 4-44- 
i 4-4- 


la 

la 

la 

la 

lb 


la 

la 

lb 

lb 


44-4- 

444 

444 

444 


44-4 


444 

444 

4-4 

4 

444 


lb 

1 

1 

1 


444 

444 

4 

4 
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iUantH 

examined 

Vl^li trie, 

Vtola vhl. 

Shortia*** 

Rnodedendron 

Kaemff, 

Khodo<Uiutro*i 

nik. 

Primula 


AtMrrhiHUm 


Id¬ 

eality 


I A 


.1 . 


Date 

June 2 

Apr. 28 

June 27 ! 

I 

May 14 
June 27 

June 6 
Apr. 24 

Apr. 29 

May IJI 

June IS 


Numl^er 
lof flowers 
!examinc<i 


Nmnljcr j 
|c>f flowers 
lodging 
yeasts 


10 


I_ 

! 5 
3 

8 


Form 'Number of flower! 

of , lodging each I 

yeast ' kind of yea.st* 


No. 2 I 
No. 7 
No. 13 ! 
No. 16 

No. 19 1 


I 


No. 13 
No. 19 
N.). 20 

No. S 

No! 4 
No. 18 

No. 19 

No. 21 
No. 22 


la 

ll» 

2<l 

1c 

la 

11> 

Ic 

3e 


la 

f6c 

lla 

11> 

(la 

lb 

'sf 

{Id 

tie 

(Ic 

w 

(lb 

tu 

le 

la 


~Fr«|ue«- 
cy of (k;- 
currcnce 
of yeast** 

I 

! + + -4- 
i •hd'-f 
i -fd- 
14-4- + 

‘ d- -4- -4" 

: 4 . 4 . 

I +++. ++ 


No. 

2 i 

la j 

4 4 4 

No. 

10 1 

lb 

4 

No 

18 1 

le 1 

444 

No. 

17 ' 

1 

4 4' 4 

No. 

7 | 

1 

44 

No. 

9 1 

la 

4 4 

No. 



4 4 

No. 

1 “ 

12 ! 

1 

1 

444 

No. 

11 1 

1 

i 

_ \ 1 


No. 


1 

1 4 

No. 

2 j 

la 

! 4 -^- 

No. 

4 ' 

lb 

4 

No. 

7 

le 

4 

No. 

18 

i 

la 

4 

No. 

i" 

^ i 

la 

4 4 

No. 

18 

lb 

444 

No. 

19 1 

la 

j 44 


•4'H-4- 

+ 4+ 

-f-4--4- 
4- *4" "4- 

-4--4- 
•F -4* 

++. +++ 

- 4 - 

•4" 

4- 

+.++. +++ 

4 

44 

444 

44 


Digitalis 


A 


June 18 


9 
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JMants 

examined 

cality 

! xr t ' Number ; ,, 

! Nnmbet^ffl Form 

1 I)a(e |Of turners, 1 of 

1 examined ^ yeast 

Number of flower ^ 

iodgintceach 

1 . j r .. currence 

kind of yeast 



1 

i 

1 

1 

1 No. .-5 

la 

. 4-4- 




' 

i 

r4d 

4-4-4- 


A 

1 June fi 

7 1 

„ No. 13 

4 

la 

Mb 

' 4-d- 4- 
: 4- + + 

Dien'ilia 


, 


No. 19 

Ir 

i -f-b-f* 



i 


No. 20 

lb 

4* 

\ 

E 

1 June 27 

4 1 

,, No. 11 

1 No. 20 

3 

1 

; 444 

! 



1 Apr. 2« 

1 ® ' 

1 ! Nt). 18 

1 

i- 

Lome (‘•a (*rac. 

1 

i A 

1 

! May 13 

f 

f ' 

I. No. 11 

' 1 No. 12 

2a 

r,b 

j 44 b 

/uinicfra semp. 

: A 

1 - 

1 June 

! « 

0 1 


1 


Table III. 

Distribution of each form of yeast. 


Form 

of 

yeast 

Plant lodging 
the 
yeast 

rx)cation 

of 

plant 

Number | 

. of flowers! 

Icxlging ; 

, the yeast 

Total 
niiml)cr of 
plants 

Total i liocality 
numl)cr of, of tlie 
flowers , yeast 

No. 1 

//(r/anhpsts 

<- 

Apr. 28 1 

1 

1 1 c 


/feloniopsis 

C 

A|.r. 28 .8 




Jhmtrocallis 

<- 

Jane 17 , 1 




Aijuiletfia 

(hybrid) 

H 

June 2 1 2 


1 

No. 2 

Prtmus 


Apr. 29 ■ 1 

7 

10 

1 

Viola trie, 

\ _ 

A 

‘ ! 

June 2 1 




Viola viol. 1 

c 1 

1 

Apr. 28 , 1 


i 

j 1 


Antirrhinum 

A 1 

Apr. 29 : 1 


1 

1 

! i 


AquiUffin flnbel. 

A 1 

May 13 ^ 1 ! 

i 

i 

1 

1 

ChaenomrUs | 

' ! 

May 13 ; 1 

! 


No. 3 

1 Antirrhinum 

\ 

A ' ! 
1 

Apr. 24 ; 1 

5 

9 A 


1 Digitalis 

A j 

June 13 I 6 j 


1 


Diervilla 

A ! 

June 5 ' 1 
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Form 

of 

yeast 

riant lodging 
the 
yeast 

1 vocation 
of 

plant 

Date j' 

1- 

Number 
^f flowers 
lodging 
the yeast 

Total j 
umber of' 
plants 1 

Total j 
lumber of 
flowers 1 

" * 1 


Htloniopm 

C 

Apr. 28 j 

1 

1 



ChaetMmeles 

A 

Apr. 29 

1 

4 

1 

6 j 

i 

i 

Antirrhinum 

( 

A i 

Apr. 24 

1 


1 

1 

1 

DiffiiaUs 

" 1 

June 13 

2 



No. 6 1 

Antirrhinum 

A 

May 18 

1 

1 

1 

No. 6 1 

Viola .tyyp^ 

A 

Apr. 22 

1 

1 

1 


Erythronium 

C 

n 

Apr. 28 

May 3 

8 

2 




Epimeditm 

c 1 

May 14 

1 




Chaenomeles 

A 

May 13 

1 



No. 7 

Viola gryp> 

C 

D 

Apr. 28 

May 8 

1 

1 

7 

12 


Viola trie, 
Shoriia j 

A 

1 E 

June 2 

June 27 

i 1 

1 

1 

1 



AnHrrkinum 

1 A 

Apr. 29 

1 



No. 8 

Camellia. 

C 

May 14 

3 

1 

3 

No. 9 

Khotiodendron 

Kaempf. 

C 

May 14 

1 

1 

1 

No. 10 

Viola viol. 

c 

Apr. 28 

1 

1 

1 









Chaenomeles 

B 

I) 

j May 14 
j May 3 

1 

1 



No. 11 

Ehodod^dron 
Kaempf. _ 

Primula 

<: 

A 

j May 14 
j June 6 

1 

1 

6 

9 


1 Diervilla 

E 

1 Jane 27 

i "" 




1 J^onitera grot. 

A 

1 May 18 

2 



No. 12 

1 Camellia 

j Rhododendron 

1 fuk. 

C 

E 

I May M 
j June 27 

1 

1 

3 

7 


lA)CaUty 
of the 
yea.st 

A,C 

A 

A 


A, C, IX E 


C 

1 ^ 

C 

I 

I 

I 

I 

!a,h,c,d,e 


I 

I’A.C.E 
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Form 

of 

yeast 

1 Plant lixiging 

1 the 

yeast 

l,xKation 

of 

plant 

Date 

, Number 
of dowers 
j lodging 
•the yeast 

Total 
number of 
plants 

Total 1 liocality 
number of of the 
flowers i yeast 

No. 12 

f.onitera gtae* 

A 

May 18 

6 

8 

7 

1 A.C.E 


tCfythrofiium 

n 

May 3 

1 



1 


liemfrocrtlUs 

C 

June 17 

6 

1 

1 




Iris Psfud^ 

A 

June 9 

8 

1 




Iris sanf^uin. 


June 11 

7 

1 


1 

No. 1« 

Aq%dUgia 

rhybrid) 

B 

June 11 

1 7 

» 

8« 

A.K,C.D 


ChatnomeUs 

B 

May 14 






Vioia trie. 

A 

June 2 

! 2 

i 




Antirrhinum 

A 

June 13 

1 1 





DieroiUa 

A 

June 5 

6 




No. 14 

ChaenomeUs 

B 

May 14 

1 

1 

1 

B 


ihUmapsis 

C 

Apr. 28 

J 




No. IS 

Iris soMgmn, 

B 

June 11 

1 

' A \ 

A 

A,B,C 

Chatnomeles 

A 

May 13 j 

1 

4k 1 



Viola tfic. 

A 

June 2 

..‘_j 




No. IS 

\ HtmeroeaUis 

C 

June 17 

1 

1 

1 

c 

No. 17 

AgidUxia 

(hybrid) 

Shortin 

B 

E 

1- 

June 2 

June 27 

1 

1 

2 

: 

2 ! 

j 

B,E 


Efythroninm 

C 

Apr. 28 

1 ■ 

1 1 





D 

May 8 

1 





HetoHMpsis 

C 

Apr. 28 

1 

1 




No. la ! 

Iris Pseud, 

A 

June 9 

1 ' * 

i 1 

1 

on 

A,B,C,D 

Aguiiegia flabel. 

A 

May 18 

1 



AguilexM 

(hybrid) 

B 

June 2 

3 





Ckaenometes 

A 

H 

May IS 

May 2 

-r~! 

> i 
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Table IV. 


Rates of yeast infection with regard to the 
locality and the month. 


Ajcality 

Month 

Nunil>er | 
j uf plants 
!cxainined 

Numl:>er 
of plants 
Itxiging 
yeasts 

—- 

Nuinlier 
uf flowers; 
examtnedi 

Number of 
flowers 

Icxlging yeasts 
Ninni)cr j % 

Plants examined 


April 

1 

6 , 

5 

36 

, 

8 

22 

Chaenomeie^t Prunus^ Viola 
pypy Antirrhiimm^ f.onicera 
grac. 

A 

May 

* 

1 

4 

1 IS 

14 

7S 

AtiwU^ia flabi /., CaatMonte- 
Us, Antirrhinum, I.onicera 


June 

7 

0 

60 

3B 

78 

Jr/\ tsrud., i'ioln trir., 
PtitntU'*, Antirrhinum, Di- 
^itoli^, nUndlln, I.onicera 
scm/>. 


Ai)ril 

: 1 1 

0 


0 

0 

Chnenomcles, 

B 

May 

.i 

1 

1 22 

3 

14 

. 

ChaenomeUs, Camellia. 


June 

2 ; 

2 

i 25 

1_ 

19 

76 

Iris sani^n.,Aifmtegia{yiy\>). 

J 

April 

' 4 ' 

! . 

4 

1 i 

! 87 

i 

- . 1 

1 

13 

35 

Etythronium, IlelomopsU, 
Viola Viola vioL 

C i 

May 

1 

i 

a 

1 

3 

1 

21 ! 

i 1 

7 

.33 

Epimedium, Camellia, Kho^ 

1 (todendron Kaempf. 


June 

1 

: ~i 1 

1 

i 10 1 

1 , 1 

6 

60 

J 

Hemcrocallis. 

D 

May 

' 1 

3 

1 

'• 31 ! 

. i 

1 

5 1 

_i 

U6i 

_i 

Erythfoniwn, Epimedium, 
ChaenomeUs, Viola iityp. 

E 

June 

: 1 

1 ^ ! 

3 

' j 

' I 

6 ! 

33 

i 

Sh4)rtia, Phododendron nik., 
DUrviUa. 


Table V. 

Rates of yeast infection with regard to the month. 



Numl)cr of 

Flowers lodging yeasts 

Month 

flowers 

. - -- 



examined 

Number 

i 

April 

78 

21 

27 

May 

92 

29 

' »2 

June 

103 

70 

j 68 









182 


T. JiMBO 


A. Table VI. Description of each form of yeast. 


Form of yeast 

No. 1 

No. 2 

1 No. 8 



; Colour 

Colourless 

Colourless 

j YellowMi 



lAistrW' 

kJHitrous 

lustrous 

1 Lustrous 



Transparency 

IranspMmUt 

Transparent 

1 Translucent 



Form 

Circular 

Circular 

Circular 


Colony 


_ 1 





EUevation j 

Oinvex 

Convex 

Convasi 



Edge 

: Entire 

Entire 

Entire 



Consistency | 

Slimy 

Slimy 

Slimy 



Edge of deep- 
seated Colony 




Hate^lture 

j 







1 

I*orm 

Round 

1 

Ellipsoidal, often 
oval 

Roundish or 
round 



" ! 

Sizej 

j 

Length 

7-8 p, 

seldom 6-10 ^ 

3-6 

seldom lOp 

6-7|i ' 

! 

(.^11 

j Breadth I 

__ _ 1 1 

SHme-haiu 1 
(maximum 
thickness) 1 
Oil-drop ~ { 

(max. size) j 

10 Kt 

Small 

2-4 

seldom 5 p. 

8p 

l4irge 

• 

8p 

Small 

i 

1 


Speciiic 1 

' choracter 1 

( 

! 

1 

i 


Streak-culture 



i 

1 

1 

Edge: entire; 
later, finely ' 

crenate | 

Edge: entire 

Edge: crenate 

Stab-culture 



1 

1 

} 

1 

Short, irregular 
projections { 

from stal) | 

Short, irregular 
projections 
from stab 

Short, irregular 
projections 
from stab 

Growth 



1 

1 

Medium 1 

( 

Strong 

Medium 


*) Meisurement was made of sitm^ar cells instead of mother cells. 
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No. 4 

No. 5 

No. 6 


1 No. 7 

1 No. 8 

Yellowish 

White 

White 


White 

White 

lAistrous 

Lustn^us 

lAistrous 


1 lAi.strou.s 

lustrous 

Translucent 

Opaque 

Opafiue 


! Opaque 

1 

Opatiuc 

( Circular 

Circular 

Circular 


j Circular 

Circular 

Omvcx 

0)nvex 

Convex 


1 Convex 

Convex 

Entire 

Entire 

Entire 


1 

' Entire 

Entire 

i Slimy 

Slimy 

Slimy 


Slimy 

.Slimy 

Ellipsoidal, often 
roundish 

Roundish or 
round 

- 

Roundish, often 
etlip., oval or 
narrow at the 
middle 

ElIii>soidaI or 

1 roundish 

Ell!|»oiilal 

4~6p. 
seldom 7 p 

8-6 p. 

seldom 6 |i 

'1 

4-6p 

6-10 IS (in 
roundish), 
-14 tt (in 
others) 

the 

the 

I 

; 3-6 p* 

1 2-4 p* ' 

' ' ' i 

3-4 p, 

1 seldom 6 p 

* 2-3 p 

2|i 

1 

Ivncking | 

2i* 


! 1 

' 4p 

Lucking 

Medium 

Very large 

Small 

- 

- - - - 1 

' Small 

t 

( 

Small 

1 

Edge: crenate 

Edge: crenate 

Edge: crenate 

1 

1 Edge: crenate 

Edge: crenate 

Short, irregular 
projections 
from stab 

Short, irregular 
projections 
from stab 

Short, irregular 
projections 
from stab 

Short, irregular 

1 projection.s 
from stab 

Short, irregular 
projections 
from stab 

Medium 

Weak 

Weak 


Weak 

Weak 


Measurement was made of singular cells instead of mother cells. 
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B. 


Form of yeast i 

No 9 

1 No. 10 

1 



- - i 

Colour j 

W'hite 

j White 



laistre i 

1 

l^ustrous 

: T.ustrous 



'I'ransparcncy, Opaque 

: Opa(|ue 

1 


Form 

Circular i 

1 

i Circular 

; 1 

1 Colony 1 

j Elevation 

1 

Convex ! 

' ('onvex 



Edge ’ 

F^ntire 

Entire 



C(»nsihtcncy j 

Slimy j 

Slimy 



B^gc of deep-: 
.scattxl c<dony i 



I'late-culture 

1 

i 

] 

B^orm 

1 1 

i 1 

1 

1 

i 

Ellipsoidal or ; 
oval ! 

1 

^ Elongated ellip. 

or elofigated 

1 oval 

1 

Cell i 

1 

1 ' i 

; length 1 
Size, ] 

Breadth 1 

' j 

6-7 |i. 

seitliUli 4r-8 p. 1 

:t-4i 

i 

6-12 p 

1 2-3 p. 


1 

Slime-hah) 1 
(maximum | 
thickness') 
Oil-drop 1 

(max. si/e) ^ 

lacking 1 

Small 

l..acking 

! Small 

L 



Specific 

character 

_ J 


1 

i 

Streak-culture 


1 

1 

1 

E<lgc: crenate 

Edge: crenate 

Stal)-cuUurc 


__ 1 

i 

1 

Short, irregular 
projections 
from stab 

! Short, irregular 

1 project iims 

1 from stab 

Growth 


~ 1 

1 

Weak 

1 Weak 


I No. 11 
i White 
j Lustrous 
< )paque 

Circular 

Convex 

Entire 

Slimy 

With branch-like 
projections 

I 

1 

I Ellipsoklal. 

! seldom oval or 
I loundi.sh 


I 5-6 |A 

I 

I_ 

j S-6 |i 

1 Lacking 

I Small 

Edge: crenate 


Short, irregular 
projections 
from stab 


Weak 
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No. 12 

No. IS 

No. 14 

No. 16 

No. 16 

i White 

White 

Yellowish white 

Wliite 

Orange 

i Lustrous 

Lustrous 

! Lustrous 

Weakly lustrous 

Weakly lustrous 

1 ()pa<jue 

Opaque 

Opoi^ue 

Cpa()ue 

Opaque 

1 ('ircular 

j 

Radiates branch- 
like projections 
(also in agar) 

Circular 

Circular 

Circular 

1 Convex 

Convex 

fkmvex 

Droj)-like 

Convex 

Entire 


Entire 

Entire 

Entire 

Slimy 

Slimy 

Slimy 

Slimy 

Slimy 

With branch-like 

1 projections 

! With branch-like 
projections 

1 



j Ellipsoidal or 
; elongated ellip., 
seldom oval or 

I roundish 

Elongatctl ellip. 

i 

Ellipsoidal or 
roundish 

snip, ovnl. elunaa- 
ted elllp. or elonir. ! 
ovaI, o(l»ti tubular,! 
heldom rouiidiab, 
narrow at tbo 
middle or irre- 
inilnr 

Roundish, often 
round or ellip., 
seldom oval or 
namiw at the 
middle 

5-8 py 

1 seldom Q p 

8-12 p 

5—8 p 

5—16 p, 

seldom SO p 1 

1 

4-7 

seldom 9 p 

j 2-5 p* 

seldom 8 p 

8-4p 

4>6p 

3-6 p. 
seldom 7 p 


Ticking 

I.acking 

2|i 

Lacking 

T.^cking 

Medium 

Large 

Very laig;e 

l4Wge 

Very large 

1 . 

1 

j 

Later forms many 
durable-cells* 




i 

Edge: crenate 

Radiates branch- 
like projections 
(also in agar) 

Edge: entire 

Edge: entire 

Edge: entire 
Surface: later 
radially striped 

Short, irregular 
projections from 
stab 

Branch-like 
projections 
from stab | 

Short, irregular 
projections 
from stab 

Short, irregular 
projections 
from stab 

Short, irregular 
projections 
from stab 

Weak 

Weak 

Strong j 

Strong 

Strong 


Form: ellip*, elong* oval, or tapered off at both etida; 12-18 (A long, 5-7 p broad; 
with thick cell wall; mostly with slime-halo (8^ thick in maximum); filled with 
many small and large oil-drops. 
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C. 


Form of yeast j 

No. 17 j 

No. 18 

No. 19 



Colour 

Light pink i 

Pink 

Pink 



I.ustrc 

Lustrous 1 

T.ustrcHis 

Jjistrous 



Transparency 

Trans|iarent ’ 

Opa<]uc 

Opa<iue 



Form 

1 

Circular 

Circular 

Circular 


Colony 

Elevation 

Convex 1 

Oinvex 

Convex 



Edge 

Entire 

Entire 

Entire 


1 

Consistency 

Edge of deep- 
seated colony j 

Slimy 1 

i 

1 

Slimy 

i 

; 

Slimy 

l*liUe-culture 


Form 

j 

Elli})soidal, 
seldom oval or 
roundish 

1 

Ellit>soidal or 
roundish 

Ellipsoidal, often 
clong. ellip., 

1 seldom oval, 
roundish, nar¬ 
row at the mid¬ 
dle or tubular 


Cell 

Size 

Length 

Breadth 

4-8 p 

1 

1 4-fi (1 

3 - 6 ^ 

6-9 p, seldom 
10p,-16p (in 
the tubular) 

3-5 p 



Slime-holo 

(maximum 

thickness) 


^ lacking 

1. _l 




Oil-drop 
(max. size) 

Very large 

- - 

Small 

Very large 



Specific 

character 

1 


1 Forms extra- 
1 cellular oil 

Streak<culture 




Edge: entire 

Edge: entire 

i‘ 

1 

1 Edge: entire 

Stab-culture 




Shorty irregular 
projections 
from stab 

_ _ 

Short, irregular 
proj^tions 
from stab 

Short, irregular 
projections 
from stab 

Growth 




1 Medium 

Weak V 

.Strong 
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No. 20 

No. 21 

No. 22 

I’ink 

Pink 

1 d'ghtly chocolate- 
coloured 

I^ustrous 

Mat 

W<!akly lustrous 

Opaqwc 

Ojiaque 

OjKU]ue 

Circular 

Nearly circular 

(.Circular 

Gjnvex 

With concentric 
& radial ridges 

Convex 

Entire 

Crenate 

Entire 

Slimy 

Butter-like 

_ _ 

Slimy 

Ellipsoidaf, often 
elong. ellip., 
seldom oval, 
roundish, narrow 
at the middle 
or tubular 

KIlliMoldiil. ofUMj 
tlifn tiihulur 
(amotif; liud-vcllh) 
or irregular (*1 Hi)., 
Mddom roiiinllMli, 
ovuh oloiig. olliiu 
oi immiw at tin* 
nildflle 

Elliiisoidal, 
seldom narrow 
at the middle 

6-10 p, 

1 -16 p (in the 

! tuliular) 

5-9 (A, 

-26 p (in the 
tubular bud-cells) 

6-7 |A, 
seldom 


3—6 jA 

4it 

1 Peking 

lacking 

i 

1 L^icking 

i 

Medium i 

1 

Medium 

Medium 

1 1 
1 1 

Buds in any 

1 direction 

1 

1 ■ ■ 

j Edge: entire 

L _ 

1 Short, irregular , 
1 projections 
j from stab 

Edge: entire 
Surface: wrin¬ 
kled 

Short, irregular 
projections 
from stab 

1 Edge: entire 
Agar is choco¬ 
late-coloured 
near the colony. 

1 Short, irregular 
' projections from 
stab. Agar is 
likewise colouretl. 

j Stitmg 

Strong 

Strong 
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Triploidy of Chromosomes in ^ Garden Varieties of 
Primula Sieboldii^ E. Moi^i^ 

By 

MasAJIRO llXUMA. 

In Japan there are about 20 species of wild primroses, among which 
Pnmula Siebottiii is most commonly cultivated in Tokyo and huvS many 
beautiful garden varieties. These varieties differ from one another in 
many respects, for example, in the colour of the flowers, in the form 
of the leaves, and especially in general size. Fig. 1 will be enough 
to show how distinct are the differences in the size of the leaves of 
these different varieties. 



Fig. 1. Leaves of different varieties of Fritnula Sieboltiii. 1. Shirowashi. 2. Nuresagi, 
3. Sasanonami. 4. Mitanotiikari. 5* Awobanofue. 6. Original form. 7. Sui- 
btjtn. 8> Kurozomegawa. 


The so-called “ gigas ” forms have been already reported in another 
species of PrimiUa, e. g. P. sinensis (Gregory, 1914). According to 
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the investigation of GkECfORY, the gigantism of this plant is sometimes 
acconiioiinied by tetraploidy of chromosomes in each of the somatic 
cells. The present ihvestigati6n was primarily undertaken in supposition 
that similar cases would likely be found in certain giant varieties of 
our primrose. The fixation of materials was made in Flemming's 
Bonn-solution ; in the case of flower buds the material was first 
immersed in Carnoy’s fluid for 15 minutes. 

In the first place, I examined the 
number of haploid chromosomes in the 
pollen mother-cells of wild specimens of 
Pnmula Sieboldii. This plant grows 
abundantly in the vicinity of Sendai. Fig. 2 
.shows the jx)lar view of the heterotype 
nuclear division in these cells. From this 
figure one can conclude without any hes- 
titation that the number of haploid chro¬ 
mosomes of this plant is 12. 

The nun)ber of chromosomes in differ¬ 
ent species of Privnda has already been 
reported by several authors. Their results 
can be summarized as follows: 



Fig. 2. Polar view of hetcrotype 
nuclear division in 1’. M. C. 
of wild Primula SulmUiii, 
(X4000) 


Plant Numl)er of liaploid chromosomes Author 


P. JloribmnUa 

9 

F. vertUUlata 

9 

P. keioensis 

18 

P. offieinalU 

11 

P. sinensis 

12 

P. xiMttsis var. gigos 

24 


Additions to this list, according 


Dighy 1912, Dahlgkkn 1916 
Digmy 1912 
Dii’.ttv 1912 
Dmiujkkn 1916 
Gi<K;okV 19C9 
Gki’.(X)kv 1914 

to a short study I made, are: 


Plant Haploid numlier Diploid numlier 

P. moJesta var. Faurieae 9 — 

P. japmita 22 — 

P, fdpponiea - • 22 

P, PeimU — 24 

■In the above mentioned table it is noteworthy that the number of 
chromosomes of P. japonica is exactly the double of that of P. officinalis. 

After this preliminary investigation, I entered upon the study of 
the number of chromosomes of garden varieties of Primula SieboldiU 
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of which 14 varieties were selected. Their Jajmnese names and numbers 
of chromosomes are as follows. The counts were made in root tips. 

Name of varieties Nuinl)er of diploid chroinnsomes 


Hiryu (mai) 

24 

Awohanofue 

24 

Mitanohikari 

24 

Suibijin (B3feA) 

24 

l-Mawngo (^0141) 

24 

KOkiden (-ftUR) 

24 

Hahanoai ^ K) 

24 

Kuro/omegawa 

24 

Uchiu 

24 

llatsuhinodc j ^4) 

21 

Makinown > H) 

24 

Sliirowa.sli! (AK) 

ne 

Nureaiigl (jJgjK) 

36 

Sasanonatni (|^ > 

36 


The table shows that certain varieties, have 3G somatic chromosomes, 
while the majority have 24. The number 36 corresponds exactly to 
the triploid chromosome number of the plant, whose diploid cliromosonie 
number is 24. 

Triploidy of chromosomes in domesticated varieties has been reix)rted 
recently in a number of plants and animals, namely in Oenothera 
(Stomps, 1912 a, b). Morns (Osawa, 1920), (Hlakeslke, Bel¬ 

ling and Faknham, 1920), Drosophila (Bkiixjes, 1921). Hyacinthns 
(de Mohl, ,1921), Canna (Belling, 1922; Tokuijaw v and Kuwada, 
1924), Crepis (Navasiun, 1925), Solanum (I.esley and Mann, 1925), 
Zea Mays (Ranoolpij and McCltntoch, 1926). 

As Fig. 3 shows, there is no perceptible difference between the 
size of the chromosomes of the “24 " varieties and those of the “36 
varieties, so the consideration that the “ 36 ” varieties are triploid 
mutants of Primula Sicboldii is justifiable. 

As far as my investigation goes, there is no evidence for the 
existence of tetraploid mutants of this species, so it is reasonable to 
conclude that the triploidy in the present species has been [ncxluced 
by the union of the diploid germ cells with the normal haploid cells. 
The occurence of the diploid germ cells might have been caused by 
abnormal enviromental conditions, for example by a lowering or a rising 
of temperature during the progress of maturation division. 
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2 3 



Fig. 3. Chromosomes in the root cells of certain varieties of Primula SUboldU.i xflOOO) 

1. Shlrowashi (triploid) 2-, Nnresagi (triploid) 3. Sasaonami (triploid) 

4. Hahanoai (diploid) 5. Edasango (diploid) 6. Kurozomegawa (diploid) 

'foKUCAWA and Kuwada in their studies on Canna have made a 
comparison between the sizes of the cells of the triploid and the diploid 
varieties in the stomata of the leaves. In a similar way I also made 
measurements of the stomata of the triploid and the diploid varieties 
of Primula Sicboldii* The results are shown in the following table: 


Length and Width of Stomata in fi 



i 

... 1 

Average 

Name of plant 

Length 

; 1 

Width j 

1 

T/ingth 1 

Width 

iff 

43.6 

60.0 

35.0 1 

1 37.6 

1 

j 


Shirowashi (triploid) 

62.6 

47.6 

! 87.6 

40.0 

50.5 

37.0 


4S.6 

35.0 
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Name of plant 

Length 

Width 


_ __ _ 

56.0 

.36.0 


66.0 

40.0 

Shirowa-shi (tripioid) 

55.0 

.37.6 


66.0 

.37.6 


50.0 

36.0 


62.5 

40.0 


52.5 

,35.0 


62.6 

40.0 


66.0 

36.0 

Sasnnonnini (tripioid) 

52.5 

47.6 

37.5 

87.6 


50.0 

.32.6 


60.0 

45.0 


60.0 

37.6 


60,0 

.37.5 


66.0 

.32.6 


66.0 

37.6 


46.0 

37.5 


60.0 

36.0 

Nuresagi (tripioid) 

50.0 

46.0 

36.0 

.36.0 


60.0 

37.5 . 


47.5 

.32.6 


50.0 

32.5 


47.6 

36.0 


60.0 

37.5 


52.6 

,37.6 


47.5 

32.5 


50.0 

.30.0 

Milanohikari (diploid) 

' 46.0 

46.0 

36.0 

.36.0 


37.6 

36.0 


42.6 

32.5 


60.0 

.30.0 


50.0 

____ 1 

32.6 


46.0 

32.6 


47.5 

32.6 


42.6 

27.5 


40.0 

37.6 

Eilasango (diploid) 

46.0 

46.0 

.37.6 

.36.0 


42.5 

35.0 


46.0 

36.0 


46.0 

37.6 


45.0 

30.0 


42.6 

36.0 

Awobaoofue (difiloid) 

42.6 

42.6 

32.6 

82.6 


46.0 

32.6 


Average 

Length 

50.6 

63.25 

49.6 

47.0 

44.25 

42.00 


Width 

37.0 

37.76 

36.0 

3.3.76 

.34.00 

33.00 
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Name <A plant 


Awobanofuc (diploid) 


liahanoai (tlipIoi<l) i 

t 


Ku rozomegawa (diploid) 


Uchiu (diploid) 


Makinowo (diploid) 


length 


40.0 

46.0 

42.6 

37.6 

37.6 
46.0 

.36.0 

.37.6 

40.0 

.37.6 

32.6 
.36.0 
36.0 
40.0 

37.6 
46.0 

62.6 
40.0 
46.0 
42.6 
42.6 
46.0 
46.0 
45.0 
460 
46.0 

60.0 

60.0 

46.0 

46.0 

42.6 

47.5 

42.5 

42.6 

42.5 
40.0 

42.6 
40.0 

42.6 

37.6 

47.6 

42.5 

42.6 
.36.0 
40.0 
42.6 


Width 


37.5 
.36.0 

82.6 
.30.0 
,32.6 
: 0.0 

32.6 

.30.0 

32.6 
85.0 
80.0 
80.0 
30.0 
.36.0 

82.6 
.37.6 


36.0 

.36.0 

.36.0 

86.0 

.32.6 

86.0 

27.6 
.32.6 
.36.0 

37.6 
.36,0 
30.0 

32.6 
.35.0 
.36.0 
.36.0 

32.6 

87.6 
.32.6 

30.0 

30.0 

82.5 

82.5 

82.6 
80.0 
30.0 
,30.0 

27.6 

82.6 


Average 
I^nglh I 


48.00 


.•J7.60 ! 

I 

1 

I 

i 

! 


44.76 


44.76 


41.26 


Width 


33.00 


82.50 


34.00 


34.26 


80.76 


As the tabic shows, the stomata of the triploid varieties are much 
higgler than those of the diploid varieties. The general increase of 
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the size of the cell in the triploid varieties is reflected in the enlarge¬ 
ment of the whole organ. The leaves of the diploid and the triploid 
varieties have already been shown in Fig. 1. The nieiotic division of 
the triploid varieties will be reported in a siibsccjuent paper. 

In conclusion, I wish to express niy sincere thanks to Prof. M. 
Tahaka for his valuable advice and criticism throughout this work. 
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On the Growth Relation in Earshells. 


By 

Khcuiko Sasaki. 

(With 1 Plate) 

Jn 1919, while I was staying at Miyako, Iwate-Ken, I liacl an 
opportunity of studying the growth relation in mature spe?cimcns of an 
carshcll from four different localities of the same prefecture, Kosode, 
'Faro, Omoi, and Ryori, and in 1924, while I was staying at Asamushi, 
Aomori-Kcn, 1 had another opportunity to measure many mature and 
immature six:cimens of the same sj^edes. 

According to Kisjiinouvk (1895) the three following vaneties of 
Haliotis gigantca are found in Japan and they are commonly called 
- Awabi **: 

/{(xliotts gigantca Chemnitz “ Madaka 

Haliotis gigantea var. mekai Kisuinouvk “ Mcgai 
Haliotis gigantca var. discus Reeve Kuro ” or “ Yczoawabi ” 
The specimens, which I collected from the above mentioned places, 
were invariably identified as Haliotis gigautca var. discus by Prof. 
Kishinouve, to whom I wish to express my heartfelt thanks. 

Table 1. 


7 



i 

Oinoi 

j 'Faro 

1 _ , 

' Ko.sode 

Ryori 

Asamushi 

Shorter 

diain. 

J /jnyer ! 
diam. ! 

71.890 

i 70.810 

70.120 

69.490 

67.610 

lx>cal ratio 


1.000 

i 0.99.1 

! 0.984 

0.976 

0.947 

Table 

1 was 

made in 

order to 

compare the 

values of 

local ratios 


between the shorter and the longer diameters of the variety discus 
(Fig. 2). In the table, the results only from specimens of a size from 
80 to 100 mm. in the longer diameter (that is the size of specimens 
sexually matured) are shown, and in determining the values of the 
local ratios, for convenience, the ratio for Omoi was taken as the 
unit. According to this table, the local ratio of the variety discus 
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140 - ur 



Fig. 1. Coast line of North Japan. 1, Aomori; 
2, Asamuslii; 8, Kosode; 4, 'I'aro; 6, 
Omoi; 6, Ryori; 7, Sendai; 8, Tokyo; 
Takanoahima. 


shows a different value with the 
difference of localities, although 
this variety is described as a 
definite one. 

Just at this time, E. Nomuua 
(1926c) of the same laboratory 
has published the results of his 
.study on the growth relations 
in several molluscan shells. He 
states tliat ** The growth relation 
between the height and the width 
of Littorina, LimiiaeiXy VtviparitSy 
and Sphacritim can be expressed 
by the equation a=ikb% in which 
n and b are the measurements, 
k the local constant, and x the 
specific exponent,*^ and that “ the 
species, even from different locali¬ 
ties, gives the same value for 
X all through, but it may give 
different values for k according 
to different localities.” Thus it 
was the purpose of the present 
investigation to test the applica¬ 
bility of the exponential equation 
in expressing the growth relation 
in earshells, and to know, if 
ix>ssible, the relation between shell 


development and water temiieraturc. 

Before taking up the subject this paper, I wish to express my 
.sincere thanks to Prof. E. Nomura for his kind supervision and for 
his helpful advice given during the progress of this investigation. 


THE GROWTH RELATION BETWEEN THE SHORTER AND 
THE JLONGER DIAMETER IN Holiotis 
gigantea VAR. discus. 

In applying the equation S^kL^r 5n which 5* denotes the shorter 
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s 


1 




I 


s 


Fig. 2. Halioth i^i^aniea var. diicm Rei*.vk to illustrate the points at which measure¬ 
ments were taken, s-s, shorter diameter; l-l, longer diameter. 


and L the longer diameter, for specimens from Omoi, Taro, Kosode, 
and Ryori (Tables 2-5 and Plate 1), the following results were obtained 
in the same way that Nomura (192Gb) adopted in the case of Sphacrium 
hetcrodon PiLs* 


.S‘= 1 . 626 A‘>-«^ 
5 = 1 . 387 /."-^ ’ 
.S'=r:1.302/J’‘^’* 


for Omoi specimens 
for Taro specimens 
for Kosode specimens 
for Ryori specimens 


Table 2. Omoi 


No. of 

1 linger i 

Shorter diameter 




sijcciincns 

1 diameter i 

1 

1 

<')bservctl I 

1 1 

Calculated 

1 Difference 

I 

1 80.30 1 

1 60.60 

68.48 

2.12 

6 1 

1 84-80 ; 

1 61.60 

61.26 

i 0..S4 

2 

86.40 1 

1 60.60 

62.23 

1.63 

3 i 

1 87.90 1 

! 60.60 

63.16 

2.66 

J 1 

80.40 1 

1 66.10 

64.07 

1 1.03 

12 

90.90 

' 64.91 

64.99 

0.08 

16 I 

93.90 

67.69 

66.80 

i 0.89 

7 

96.40 j 

i 67.33 

1 67.70 

1 0.87 

17 

97.00 

68.11 

68.67 

1 0.66 

3 

98.60 

68.70 

1 69.67 

; 0.77 

26 

100.00 

70.30 

70.47 

1 0.17 

1 

101.60 

74.20 

1 71.37 

2.83 

16 

108.00 

72.81 

' 72.26 

0.06 

3 

104.50 

71.20 

i 73.16 i 

1.96 

4 

106.10 

72.48 

1 74.11 

1.68 

1 

107.60 

76.80 

76.00 

0.80 

2 

109.10 

76.80 ! 

! 76.88 

0.08 

1 

iiy 

110.60 

78.80 i 

i 76.77 

i 

2.08 
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Table 3. Taro 


No. of 

I^tiger , 


Shorter diameter 


siiecimens 

diameter \ 

1 

Observed 

j Calculated | 

Difference 

r~ 

76.80 1 

66.10 

I 66.12 

0.98 

4 

81.80 > 

69.48 

68.81 

0.67 

10 

84.80 

60.76 

> 60.66 ; 

0.10 

4 

86.40 

62.10 

61.61 1 

0.49 

15 

87.90 ! 

63.12 

, 62.63 

0.69 

3 

89.40 

61.60 

63.43 

1.83 

32 

90.90 ; 

64.16 

64.34 1 

0.19 

6 

92.40 

66.67 

66.23 i 

1.44 

20 

93.90 I 

66.99 

66.13 

0.14 

6 

96.40 

66.93 

) 67.02 

0.09 

23 

97.00 

67.60 

67.99 1 

0.39 

3 

98.60 

68.70 

68.88 ‘ 

0.18 

21 

100.00 i 

70.00 

69.77 1 

0.23 

5 

101.60 1 

68.60 

70.66 

2.16 

18 

10.8.00 

71..18 

71.63 

0.16 

1 

104.60 

68.20 

72.4.3 

4.23 

S 

106.10 ; 

73.48 

73..37 

0.11 

4 

109.10 j 

76.90 

76.13 1 

1.77 

6 

112.10 1 

77.68 

76.88 1 

0.70 

5 

115.10 ! 

78.20 

78.62 

0.42 

2 

118.20 

SS.-TO 

i 80.42 ' 

2.88 

106 

i 


j 



Taiilk 

4. 

Kosoclc 


Nci. of 

1 

Ixjngcr 1 


Shorter diameter 





sficcimens 

1 diameter 

' - . -_j_ 

Ob.served 

j Calculated j 

Difference 

1 

; 78.80 ; 

57.60 

! 66.77 1 

0.83 

1 

i 80..^0 

67.60 

! 67.69 1 

0.09 

1 

i 81.80 1 

69.10 

1 68.60 

0.60 

1 

83.30 1 

60.60 

1 69.62 

1.08 

4 

84.80 

61.73 

60.43 

J..30 

o 

86.40 

61.36 

61.39 

0.04 

\ 

87.90 

63.60 

62..30 

1.30 

1 

89.40 

60.60 

; 63.21 1 

2.61 

1 

90.90 

62.10 

64.11 

2.01 

3 

92.40 

64.10 

i 64.99 ; 

0.89 

1 

93.90 

62.10 

66.90 1 

3.80 

O 

96.40 , 

68.95 

! 66.78 i 

2.17 

3 

I 97.00 

63.60 

! 67.74 ; 

4.14 

4 

98.50 , 

68.96 

i 68.63 

0..32 

5 ! 

100.00 ! 

69.40 

69.62 i 

0.08 

3 

101.60 i 

70.70 

70.40 

0.30 

1 

103.00 

75.80 

1 71.28 1 

4.62 

2 

1 104.60 1 

72.70 

1 72.17 ! 

0.63 

1 1 

106.10 

72.70 

73.11 ! 

0.41 

1 1 

110.60 I 

75.80 

76.78 1 

0.07 

1 1 

113.60 

78.80 

! 77.48 j 

1.32 

^40 1 

1 


1 1 
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Table 5. Ryori 


— 

No. r,f * 

Ixingcr 


Shorter diameter 


si)ecimens j 

(iiametfr 

Ob-servccl 

' Calculated I 

Difference 

1 

76.80 

64.50 

63.97 

0.63 

3 

78.80 

66.63 

66.79 

0.26 

1 

80.30 

66.10 

.')6.69 

0.69 

9 

81.80 

67.68 

67.69 

0.01 

») 

83.30 

68.36 

58.49 

0.14 

2 

84.80 

69.10 

69.39 

0.29 

3 

86.40 

61.10 

60.33 

0.77 

6 

87.90 

61.86 

61.23 

0.62 

1 

89.40 

6.3.60 

62.11 , 

1.49 

6 

90.90 

62.60 

63.00 

0.40 

2 

92.40 

1 63.60 

63.87 

0.27 

13 

93.90 

64.67 

64.76 

0.09 

4 

96.40 

' 64.36 

65.63 

1.28 

9 

97.00 

! 67.69 

, 66.67 

1.12 

1 

98.60 

! 66.70 

67.44 ' 

0.74 

16 

100.00 

69.04 

68.;il 

0.73 

1 

101.60 

; 68.20 

69.19 

0.99 

o 

103.00 

i 68.95 

70.04 

1.09 

4 

104.60 

1 70.80 

70.92 

0.08 

5 

106.10 

72.72 

71.84 

0.88 

2 

109.10 

72.70 

73.66 

0.86 

1 

94 

112.10 

75.80 

76.28 

0.62 


Table 6 was made for determining the ratio between the local 
constants, the value of k from the Omoi specimens Ix^ing taken, for 
convenience, as the unit. It may be seen in this table that the 
ratio Ixitvveen k at two localities is constant, even though the absolute 
values of k are different following the difference c^f the VTilue of a*. 

Table C. 


.V--0.83 I ^-0.86 r-^O.SG 



Value of Jk 

Kaliti I 
lietweeii /• j 

Value of 

Ratio 

hetween 

^ I Value of /! 

Ratio 

between 

Omoi 

1.641 

1.000 

1 1.406 

1.000 

1 1..34.S 1 

1.000 

Taro 

1.626 

0.990 

1.392 

0.990 

! i.aio 

0.990 

Jvosode 

1.618 

0.986 

1.387 

0.986 

1 i.-m 

0.980 

Ryori 

1.492 

0.968 

1.363 

0.969 

1 1.302 

1 0.969 

1 


EQUATIONS EOK SPECIMENS EROM ASAMUSHI. 

From 1098 s{)ecimens from Asamushi the equation 
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was obtained. This expression is entirely different from those which 
were determined for specimens from the four localities of Iwale-Ken. 
In this case, however, it must be noticed that both mjiture and 
immature specimens were measured collectively, while in the case of 
those from Iwatc-Ken immature ones were omitted. 

According to Kisiiinoi^n'K (1896) HaHotis f^igantea var. discus 


T^ble 7. Asamushi 


No. of 

I linger 


Shorter diameter 





spfcinienM 

diameter 

Observed 

Calculated i 

Difference 

1 : 

35.30 

26.20 

1 24.71 

1.49 

6 

37.17 

25.96 

26.98 

0.03 

4 

37.83 

26.15 

20.42 

0.27 

r ‘ 

39.16 

27.37 

27..33 * 

0.04 

16 ! 

39.98 

27.83 

, 27.88 

0.06 

18 

40.97 

28.46 

28.55 

0.09 

20 ; 

42.06 

29.42 

i 29.29 

0.13 

42 ' 

43.06 

! 110.17 

29.96 1 

0.21 

38 

43.98 

80.42 

30.58 

0.16 

43 

44.87 

31.09 

31.18 1 

0.09 

42 

46.96 

31.88 

; 31.92 I 

0.04 

49 

46.97 

32.34 

' .32.60 ' 

0.26 

37 

47.99 ' 

^ 32.94 

i 33.29 1 

0..36 

67 

49.01 

33.77 

' 33.97 i 

0.20 

46 

50.01 

34.66 

! 34.64 

0.02 

39 

60.99 

1 .35.45 

i 35.30 i 

0,15 

o2 

61.98 

! 36.84 

. 1 35.97 1 

0.13 

45 

53.00 

! .36.72 

! J16.65 

0.07 

30 

53.97 

t J57.27 

37..30 ! 

0.03 

39 

54.96 

37.96 

37.97 

0.02 

40 • 

56.00 

38.55 

t 38.66 1 

0.11 

41 

67.00 

39.22 

^ 39.33 t 

0.11 

37 

57.88 

39.71 

! .39.92 1 

0.21 

24 

58.97 

40.85 

40.66 

0.20 

31 

69.84 

41.21 

; 41.23 i 

0.02 

20 

60.97 

41.78 

1 41.99 i 

0.21 

32 

61.93 

i 42.82 

! 42.63 ; 

0.19 

28 ! 

62.92 

43..32 

43.29 i 

0.03 

26 

64.07 

43.87 

1 44.05 

0.18 

18 i 

64.91 

; 44.63 

44.61 i 

0,02 

18 1 

65.86 

45..33 

45.24 1 

0.09 

16 

66.88 

, 46.00 

45.93 

0.07 

14 

67.91 

46.19 

' 46.62 

0.48 

9 

69.01 

46.84 

' 47.35 1 

0.51 

18 

70.09 

^ 47.29 

1 48.06 ’ 1 

0.77 

14 

70.91 

48.21 

48.61 

0.40 

6 

71.88 

49.88 

49.26 

0.62 

9 

72.86 

60.08 

49.91 

0.17 

7 

73.87 

i 50.53 

■ 50.58 

0.05 

7 

1046 

74.94 

t 61.87 

! 51.20 j 

‘ i 

0.08 
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Tahle 8. Asiimushi 


No. of 

T.ungcr 

! 

Shorter diameter 


speclinctis 

diameter 

OlMiervcd 

. Calculated | 

Difference 

7 

76.03 

, 61.69 

62.30 

0.71 

6 

77.00 

1 63.0.S 

i 62.86 ; 

0.17 

6 

77.86 

52.94 

63..35 

0.41 

4 

79.0!! 

63.96 

64.04 

0.09 


79.90 

6.2.73 

54.65 

0.82 

6 

81.18 

64.96 

, 65.29 

0.33 


82.00 

65.40 

65.76 

0.36 

4 

82.05 

67.43 

56..31 

1.12 

4 

84.08 

! 66.88 

66.96 

0.08 

2 

85.80 

67.40 

67. GC 

0.26 

2 

86.25 

69.20 

68.21 

0.99 

2 

86.05 

69.10 

68.61 , 

0.49 

1 t 

87.60 

i 69.80 

' 68.99 

0.81 

1 1 

88.80 

61.20 

69.67 

1.63 

1 i 

89.80 

60.90 

60.24 ; 

0.66 

1 ! 

01.80 

60.70 

I 61.37 

0.67 

1 i 

96.00 

i 63.50 

63.76 ! 

0.26 

1 

68 1 

99.00 

; 64.10 

1 

i 66.44 ' 

! 1 

1.34 


sexually matures at Asamushi at the size of from 76.7 to 90.9 mm. 
in the longer diameter. Thus in assuming that the animal reached 
maturation at the .size of 76 mm. and in grouping the specimens into 
the ones shorter (Table 7) and the ones longer (Table 8) than 76 mm., 
the following equations were obtained. 

,S'=0.779Z*'’’'“ for specimens shorter than 76 mm. 

for specimens longer than 76 mm. 

According to these equations, the mature spccimen.s, even from 
Asamushi, give the value 0.86 for in near approximation to those 
given by specimens from Iwate-Ken. Thus, in summarizing tlie values 
of X from the five localities, we may infer that the value of the 
specific exponent for mature specimens of Haliotis ^^igantea var. discus 
may probably be 0.86, because we could obtain that value for 3 out 
of 6 cases. 

As to the growth relations in Sphaerium heterodon Pils., Littorina 
sitchixna PiUL., Limnaca japonica Jay, and Vivipanis japonicus var. 
kvakazvai Pils., Nomura (1926c) says that “the molluscans show a 
growth relation between the height and the width which may be 
expressed by a^kb while they are young or during their life,” and 
^ain the equation for the immature specimens of Haliotis 
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gigantea var. discus may probably be taken as an expression of a 
straight line. Gjnsequently we may suppose Nomura’s view for young 
vspecimens to be true also in the case of the growth relation between 
the shorter and the longer diameters in Haliotis gigantca var. discus, 

COMPAKTSON OF I’HE VAI.UES OF I.OCAT. RATIOS 
FROM TABI.ES 1 AND 2. 

In Table 9 the numerical values of local ratios from Table 1 and 
from Tabic 2 arc given together. It may be seen in this table that 
the value of the local ratio from Tables 1 and 2 shows a similar 
tendency to change with the difference of localities, but it is in general 
larger in Table 1 than in Table 2, due to the difference in methods 
of calculation. If we adopt the method which was applied in Table 
1, we must be careful to collect a large number of specimens of the 
same size, because in the case of Haliotis gigantca var. discus the 
ratio between the shorter and the longer diameters ought to give 
different values according to size, that is, small specimens give a larger 


Table 9. 


1 

Omoi 1 

Taro 

KnHUilc 

Ryori 

1 Asaamushi 

liocal ratio from Table 1 : 

1.000 j 

0.90S 

0.984 

0.975 

0.947 

Ix>cal ratio from Table 2 | 

1.000 1 

0.990 

0.986 

; 0.969 

1 0.937 


value, while larger specimens give a smaller value, but if wc adopt 
the method which was applied in Table 2, we can collect specimens 
indej^ndent of size and of number. Thus I may infer that the latter 
method is more proftable than the former method in obtaining the 
local ratio, in determining sjxrcies, in collecting specimens, and in the 
exactness of the results of investigation, even though there is some 
trouble while calculating. 

THE INFLUENCE OF WATER TEMPERATURE ON THE 
GROWTH REI.ATION. 

][food, waves (Nomura, 1926a), physical and chemical properties 
of sea water, etc. may be factors causing the variation of shells, but 
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I could study only the effect of water temperature. 'Fable 10 was 
prepared through the kindness of Mr. Hosokawa» who showed me 
the records from Aomori, and of Mr. Koiro, who sent me the records 
from Todogasaki, Miyako, Kosode, and Hirota. 

Table 10. 


I Todogasaki Miyako Iv • 1 ' Hirota | Aomori 

I (near Omoi) (near Taro) ; asiK c j Ryori) | (near Asamu- 
! ■ “r ■ I 1 ‘'’C ; “C I shi) *C 


Jan. 

a 

8.53 1 

a 

7.47 1 

c 

6.00 

a 

6.87 

a 

6.99 

Feb. 

a 

6.00 ! 

d 

6.85 ! 

e 

4.80 

a 

5.53 

a 

5.91 

Mar. 

a 

5.40 1 

d 

3.05 

c 

4.70 

b 

5.45 

a 

6.62 

Apr. 

a 

6.27 

d 

4.80 ; 

e 

6..SO 

a 

6.47 

a 

8.79 

May 

a 

8.40 1 

a 

8..S7 ! 

c 

10.70 

a 

9..SO 

a 

11.89 

June 

a 

10.87 1 

a 

12.60 i 

a 

13.47 

a 

12.78 

a 

16.40 

July 

a 

15.07 ' 

a 

16.60 : 

a 

17.40 

a 

16.83 

a 

21.85 

Aug. 


18.57 ! 

a 

20.47' 

e 

19.10 

a 

20.03 

a 

24..S6 

.Sept. 

! ^ 

19.70 i 

a 

20.33 < 

c 

19.90 

a 

20.28 

a 

22.70 

Oct. 

i a 

17.53 1 

a 

17.17 

f 

16.50 1 

a 

17.18 

a 

18.18 

Nov. 

i a 

15..S3 i 

a 

14.67 

f 

14.50 I 

a 

14.23 

a 

14.39 

Dec. 

i ^ 

11.83 1 

a 

12.30 1 

f 

9.50 

a 

1 

9.40 

a 

1 

9.67 

Annual average 

i 

1 

11.96 j 


12.05 


11.91 1 

i 

12.02 

1 

i 

13.98 


a 

b 

c 

d 

e 

f 


mean temperature through 1918, I919» and 1920. 
„ „ through 1918 and 1919. 

„ „ through 1919 and 1920. 

„ „ thrt>ugh 1918 and 1920. 

,, It in 1918* 

M I, in 1920. 


Since the temperatures given in Table 10 are not from the exact 
localities where the specimens of Haliotis giganica var. discus were 
collected and are surface temperatures, the data in this table may not 
be suitable in explaining the cause of variation of the shells. However, 
the annual average of temperature .shows nearly the same tlcgree at 
the localities of Iwate-Ken, while it is discordantly high at Asiimushi; 
and as .seen in Table 9 and in Plate 1, the degree of variation is 
comparatively small among the specimens from the localities of Iwate- 
Kcn, while it is di.scordantly large in the specimens from Asjimushi. 
From this fact it apj^ears to me to be inferable that the variation of 
the .shells may be effected by water temperature. If this consideration 
is allowed, we may conclude that, in general, a higher temperature 
produces a narrower shell in Haliotis gigantca var. discus. 
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THE GROWTH RELATION IN HalioHs gigantea AND IN 
HtUioth gigantca VAR. inekau 


At /the close of th<? present reiX)rt I wish to add sonic notes on 
the other varieties of Haiiotis gigantca, though I had no chance of 
collecting and of directly investigating the specimens. 

Table 11. 

Haiiotis gigantca Takanoshinia 


No. of 

l/in^er 


Sh«)rter diameter 


s|)eciinenfi 

diameter 

Observed 

Calculated 

Difference 

1 

1 

100.00 

75.80 

77.46 

1.66 

2 1 

103.00 

81.80 

79.78 

2.02 


, m.io 

< 81.20 

82.25 

1.06 

4 

112.10 

86.60 

; 86.08 

1.38 

3 

116.10 

89.P0 

' 89.88 

0.52 

2 1 

118.20 . 

92.40 

' 01.78 

0.62 

6 

121.20 

03.03 

1 04.18 , 

0.26 

1 

124.20 

100.00 

06.68 

3.42 

4 

127.30 

98.50 

99.06 , 

0.66 

8 ' 

130.80 

99.28 

i 101.88 

2.16 

4 ! 

133.30 

! 106.83 

103,78 • 

3.05 

7 ; 

136.40 

! 108.64 

i 106.26 

2..S9 

1 ‘ 

130.40 

! 106.10 

108.66 i 

2.66 

6 

146.40 

i 112.12 

113.38 

1.26 

3 

148.50 

! 116.10 

116.86 

' 0.76 

2 

161.60 

i 118.16 

118.26 

0.11 

3 

167.60 

; 123.20 

! 123.13 

0.07 

61 


1 




Table 12. 


Haiiotis gigantca 

var. nickai 

Takanoshima 

No. of 

1 

Longer | 

Shorter diameter 

specimens 

diameter 

I _ 1 

Observed 

Calculated 

Difference 

8 

84.80 

62.60 

68.76 

1.16 

8 

87.00 

65.63 

66.28 

0.66 

5 

00.90 

71.60 

68.76 

2.75 

1 

93.00 

* 60.70 

71.22 

1.62 

6 

07.00 

77.28 

73.70 

3.40 

10 

100.00 

70.41 

76.31 

3.10 

4 

' 108.00 1 

78,80 

78.78 1 

0.02 

81 

106.10 

' 80.36 

81.40 

1.06 . 

17 

108.10 

83.7« 

88.87 I 

0.11 

31 

112.10 i 

86.60 

86.89 1 

0.11 
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1 



Shorter diameter 

No. of 1 

Duiger 

1 



specimens j 

diameter 

' Observetl 

i Calculated 

1 

I Difference 

27 i 

116.10 

! 89.44 

88.91 

, 0.63 

18 

118.20 

1 0(1.28 

Ol.fiS 

1.30 

40 ; 

121.20 

94.24 

94.10 

0.14 

25 i 

124.20 

96.36 

96.62 

0.26 

1 

126.70 

93.90 

97.88 

3.98 

26 i 

127.30 

99.07 

. 99.24 

0.17 

1 ; 

128.80 

lOS.OO 

100.60 

2.60 


130.30 

101.73 

101.81 

0.08 

16 ; 

133.:i0 

104.18 

104..13 

0.16 

18 ; 

136.40 

' 107.76 

107.00 

0.76 

2 1 

139.40 

; 113.66 

109.67 

4.08 

a ' 

142.40 

1 113.10 

112.14 

0.96 

O [ 

146.40 

116.66 

114.71 

1.94 

•"» i 

161.50 

118.14 

119.96 

1.81 

2 

164.60 

116.66 

122.67 

6.92 

2 

167.60 

126.76 

126.24 

0.61 

1 ' 

160.60 

124.20 

127.86 

3.66 

1 

331 

163.60 

127..30 

130.44 

3.14 


Fortunately the measurements of the shorter and the longer 
diameters of these varieties were taken (Tables 11 and 12) by Oka- 
MURA, Sen<^ and Haka (1920) from the specimens from Takanoshima, 
and thus I could obtain. the following relations: 

In Haliotis ^^igantca .S’=r0.706y>‘**- 

In Haliotis gigmitca var. mekai 

The shells of Haliotis gigantca iind of Haliotis gigantca var. mckai 
can be distinguished from each other and from Haliotis gigautea var. 
discus by the convexity of the shell, in the position of the spire ajxjx, 
etc: 


SUMMARY AND CONCLUSIONS. 

1. The growth relation between the shorter and the longer dia¬ 
meters in Haliotis gigantca^ Haliotis gigantca var. mckai, and Haliotis 
gigantca var. discus can be expressed by the ecjuation S^kH, where 
.S' is the shorter diameter, L the longer diameter, k the local constant, 
and X the specific exponent. 

2. The probable values of the specific exponent are as follows : 

0.85 for mature sjxjcimens of Haliotis gigantca var. discus 
0.97 for immature .specimens of Haliotis gigantca ,var. discus 




Sasaki. Growth relation in earshells. 



s M'as plotted from Tables 2-5» 7, 8» 11. and 12. Tlic thinner lines denote the relations between the shorter and the longer diameters obtained from the actual measurements, 
lines denote the relations expressed by the equations. S shorier dfameter, Z. longer diameter. ^ 










Report of the Biological Survey of Mutsu Bay. 

1. General Outline of the Biological 
Survey of Mutsu Bay.* 

Ky 

S.\NjI Hozawa. 

(BioUjgicul Institute» Tohoku laipcrial Univeisity, Sendai, Jaj>an.) 

Mutsu Bay covens 140“40'—141"16'E of longitude and 40®60'— 
4ri7'N of latitude and lies at the extreme northern end of the main 
island of Japan, Hondo. From the middle of the coast Natsudomari 
Peninsula prcg’ects halfway into the bay, thus dividing it into two 
divisions: Noheji Bay on the ea.st and Aomori Bay on the west. 
The distance between the east and the west coast is thirty-two miles, 
between the south and the north twenty-eight miles in the wide.st 
region and eight miles in the narrowest. The northwestern corner of 
the bay opens directly into Tsugaru Strait and through this oi>ening 
faces Hokkaido Island. 

In July of 1924 the Tohoku Imjxirial Univesity established the 
Marine Biological Station in the neighborhood of Asamushi, which is 
located along the eastern coast of Aomori Bay. The number of 
invc.stigators who visit the station increases annually at a rapid rate 
and the demand for materials for investigation naturally increa.ses 
equally rapidly. However, we were often embarrassed about supplying 
adequately the amount and kinds of materials for those zealous research 
workers on account of our imperfect knowledge concerning the fauna 
and flora in this great bay. For this reason the biolc^ical survey of 
this bay became very important. 

Although our immediate object of this survey was thus to facilitate 
the work of the investigators, at the same time we had several other 
reasons, some of which are stated below : 

1) Since the bay has a narrow outlet to the bigger sea the survey 
can be accomplished relatively easily and concisely. 

* A contribution from the Marine Biological Station, Asamushi, Aomori-Kcn. 
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2) On account of the location of the marine biological statioti the 
survey can be greatly facilitated and accomplished with less expense. 

3) Since Mutsu Bay is in conbict with both the Pacific Ocean and 
the Japan Sea through Tsugaru Strait an adequate knowledge con¬ 
cerning the distribution of the fauna and flora may bring out some 
important data in the field of bio-gec^raphy. 

4) Inasmuch as it is our long standing wish to make a similar 
survey of the entire northeastern coast of Japan, the present small 
undertaking now in progress will give us valuable experience for such 
future work on a greater scale. 

'Fhc present biological survey of Mutsu Bay was made possible by 
an adequate financial grant given by the Saito Ilo-on Kai (The Saito 
Gratitude P'oundation) which was established by the late Zenemox 
Saito Ivsq. three years ago for the promotion of scientific research 
and for social and industrial improvement. Taking this opportunity, 
we wish to acknowledge our deep obligation to the Foundation for 
this generous support. 

This survey was begun last April and was carried on actively till 
the end of September. In carrying out the survey we divided the 
work into three large divisions and divided our resjx)nsibilities respec¬ 
tively : 

Professor Sanji Hozawa (Tohoku Imixjrial University) in charge of 
fauna, 

Professor Masato Tahaka (Tohoku Imjxirial University) in charge 
of flora, 

Assistant Professor Seiji Kokubo (Asamushi Marine Biological 
Station) in charge of plankton organisms. 

It was agreed that each be entirely resix)nsible for his respective 
field, as, for instance, in the collection of siDCcimens, the choice of 
collection stations, the distribution of materials to the specialists, etc. 
It is also intented to publish fuller reports concerning the survey in 
general in the near future. 

The number of specimens thus far collected is quite large and it 
is self evident that only by the cooperation of many specialists the 
difficult task of identification of known sjxicies, of description of new 
species, etc. or, in short, the object of the present undertaking, can 
be accompli.shed. In this connection we are very happy to mention 
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that biological friends showed a great interest and willingly accepted 
our wish in cooperating actively. 

With deepest appreciation and gratification we announce the names 
of collaborators tc^ether with their field of responsibilities: 

Toru Abk, Rigakushi, Tokyo Imperial University. Protozoa. 
Seitaro Goto, Rigakuhakushi, Tokyo Imperial University. 

Crinouiea, lichinoidea^ Asteroidca. 

Siiocio IIaruvama, Rigakushi, Kyoto Imperial University. 
Cirripedia. 

Toyoji Hikida, Hokkaido Imperial University. Hsccs. 

Sanji Hqzawa, Rigakuhakushi, Tohoku Imperial University. 
Porifera. 

Akira I/uka, Rigakuhakushi, The Peers* School, Tokyo. 
PolychiCta. 

Nagamiciii Kuroua, Rigakuhakushi, Tokyo. Aves. 

Hikoshicuiro Matsumoto, Rigakuhakushi, Tohoku Imperial Uni¬ 
versity. Ophinroidea. 

G. E. N 1 CHOU.S, University of Western Australia. Amphipoda, 
Isopoda. 

Asajiro Oka, Rigakuhakushi, Tokyo Higher Normal School. 
Tmiicata. 

Yaichiro Okada, Tokyo Higher Normal School. Polyzoa^ Clueto- 
gnatha. 

Hiroshi Oshima, Rigakuhaku.shi, Kyushu Imperial University. 
Ilolotliurioidea. 

Madoka Sasaki, Rigakuhakushi, Hokkaido Imperial University. 
Cephalopoda. 

SnuNicHi Takatsuki, Rigakushi, Asamushi Marine Biological Sta¬ 
tion of the Tohoku Imperial University. Gastropoda, Lamelli- 
branchiata, Scaphopoda. 

Toru Uchida, Rigakushi, Tokyo Imi)erial University. Ccclenterata. 
Yu Yokova, Suisangaku.shi, Tokyo Imj^rial University. Brachiura. 

We tru.st that before long the materials which are not yet assigned 
will be also in the hands of specialists. 

In preparing the reports it was agreed by all investigators concerned 
that even species well known to science, if they are important material 
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for "cncral research purpose and if, at the same time access to the 
original pa^Dcrs is difficult, may be fully descriljcd or even illustrated 
in colors. We may also add that as far as possible the reports will 
aj>pear in the present journal “ The Science Rcix)rts, Scries IV,*' 
whenever they arc ready to be printed, under one common title, 
RciX)rt of the Biological Survey of Mutsu Bay", accompanied by a 
subtitle which indicates the nature of the particular research by each 
investigator on whom the entire responsibility for the given report 
rests. 

We feel that it is our pleasant duty to make a special acknowledge¬ 
ment here for our appreciation to the following gentlemen: to 
Professor Seitako Goto of Tokyo Imperial University and to Professor 
Akira Izuka of the Peers* School for valuable advise given in making 
out a general plan and for active scientific cix>peration from the 
beginning of the enterprise, and to Professor Siiinkisiu Hatai, Director 
of the Asamushi Marine Ih'ological Station, in permitting us to use 
the facilities of the entire laboratory. 

Finally, wc wish to add that this biological survey of Mutsu Bay 
will be continued in the future till the object is adcijuately accom¬ 
plished. 


December 8, 1926. 
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2. Medusae of Mutsu Bay.*^ 

1»Y 

Touru Uchipa. 

fZ Jol(3gical Institute, Science Faculty, Iiniicrial University, Tokyo.) 

This is a report on medusae collected in Mutsu Bay during the 
three years 1924-1926. Numerous specimens examined by me include 
22 species, namel 3 ^ 14 belonging to the Hydromedusae, 6 to the 
Scyphomedusae, and 2 to the Ctenophorae. (^f these, one medusa is 
uncertain and two others have been newly recorded from the country; 
one is Melicertuin, which is common on the northern Atlantic caast 
of America and the other is a new variety of RJiopilema csculcnta. 

The medusae found in the bay arc as follows. 

Hydromedusae. 

Ord. Anthomedusae. 

1) Etiphysa sp. 

2) Plybocodon prolifer L. Agassiz. 

3) Cladonema radiatum var. inayeri Perkins. 

4) Urashimea globosa Kisiiinouye. 

5) Turritopsis nutricnla McCradv. 

6) Rathkea blumenbachii (Ratuke). 

7) Spirocodon saltatrix (Tilesius), 

Ord. Leptomedusae. 

8) MelicerUim campanula L. Agassiz. 

9) Obelia sp. 

10) Phialidium discoida (Mayer). 

11) Aequorea coerulescens (Brandt). 

12) Gmtionema murbachi var. oshoro Uchida. 

Ord. Trachomedusde. 

* A contribution from the Marine Biological Station, Asamusbi, Aomori-KLen. 
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13) Aglantha digitate Haeckel. 

14) Liriope tetraphylla (Ciiamisso et F.ysenhakdt). 

Scyphomcdusac. 

Orel. Cubomedusae. 

15) Charybdea rastonii Haacke. 

Ord. Stauromedusae. 

16) Haiiclystus auricula Clark. 

17) Sasakiclla cruciformis Okuro. 

Ord. Saemostomac. 

18) Dactylometra pacifica GoETfE. 

19) Cyanea capillata Esciischoltz. 

Ord. Rhizostomac. 

20) RJwpilcma escidcnta var. asamushi, n. var. 

Ctenophorae. 

21) ITormipliora palmata Chun. 

22) Beroe ramosa Komai. 

From the view|X)int of oceanographical distribution, the fauna in 
Mutsu Bay is very interesting. There are found many arctic s[)ecies, 
such as Hybocodon prolifer^ Urashimea globosuy Rattikea blnmenbacJiii, 
Meliccrtum campanula, Gonionema murbaetd var. oshoro, Aglantha 
digitale, Haiiclystus auricula, Sasakiclla cmciformis, Cyanea capillata, 
and Beroe ramosa. These medusae, except Urashimea globosa, Rathkea 
blumenbacldi, and Haiiclystus auricula, have never been found on the 
Pacific coast of Honshu except in Mutsu Bay. Therefore, the fauna 
is, as a whole, similar to that of Oshoro, Hokkaido. On the other 
hand, the following three medusae, viz. Spirocodon saltatrix, Acquorea 
coerulescens, and Dactylometra pacijica, which arc very common in the 
water of Honshu and Kiushu, have never been recorded from Hokkaido, 
as far as I know. Pelagic medusae, which are occasionally found 
swarming in the bay, are Hybocodon prolifer, Rathkea hlumenbachit, 
Acquorea coerulescens, and Aglantha digitale, but large medusae, such 
as Spirocodon saltatrix and Scyphomedusae seem to be found only in 
small numbers. On Sargassum, there are commonly found four me- 



MEDUSAE or MUTSU I5AV 


217 


dusac, such as Cladonema radiatnrn var. mayerU Gonioneina murhachi 
var. oshoro, Haliclystns atiricida, and Sasakiella cruciformis durintj July 
and Augusts but they disappear when the sea-weeds die. 

Finally, J should like to express here warm thanks to Prof. S. Hatai 
and Prof. S. Hozawa, who were so kind in helping my study in 
various ways, and also to Assist. Prof. S. Kokuijo and Mr. S. Taka- 
TSUKi for collecting materials. 


Hydromedusae. 

ORD. ANTIlOMKFJUSAPI 

1) Euphysa sp. 

The bell is 1 mm. high and 0.8 mm. wide. The gelatinous substance 
is uniformly tlun. P'oiir radial canals, straight and ecjual in length. 
A ring canhl rather broad. Tentacle bulbs four in number and very 
large. An ocellus on the protruded outer side of the bulb. Tentacles 
four in number and filamentar, all provided with many ring-like ncma- 
tocyst clusters. Of the four tentacles, one is by far the longest, the 
two adjacent to it, intermediate, and the one op^xjsite it, the smallest. 
They are all hollow. Velum well-developed. Manubrium somewhat 
cone-like. Gonads are not ripe in the s^xicimen. 

Colour. Ocelli light red. Other parts colourless in the preserved 
sjxicimen. 

Loc. Asarnushi, March 14, 15126. 

Remarks. The medusa must be referable to a new species because 
of the presence of ocelli and the structure of tentacles, but as there 
is only one sixicimen the specific name will be reserved for further 
study. 


2) Hybocodon prolifer L. A(;assiz. 

JJyhocodan prolifer; Acassiz, U, 1862, (Jont. Nat. Hist. U. S., vol. 4, p. 243 et 34.3, 
pi. 28a, fig. 10, 11, pi. 26, fig. 1-19. Uchida, 1926, Jap. Jour. Tool., vol. 1, p. 78, fig. 1. 

A large number of the medusa were collected by Assist. Prof. S. 
Kokubo and Mr. Takatsuki by a surface tow in the spring. In most 
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of the s{X}cimens, both sexual and asexual reproduction occur simul¬ 
taneously, as described in the American medusa. The sfx:cics is 
very common in the arctic region of both the Atlantic and the Pacific. 

Loi\ Asamushi, March 14, 1926. 

3) Cladonema radiatum var. mayeri Perkins. 

Cladonevin mnyeri: Pfrkins, 1906, Vear Rook of tho Carnegie tnsl. of Washington, 
no. 4, p. 118. 

Cladonema radiatum var. mayeri: U<.’HII»a, 1925, Jap. Jour. Zool., vol. ], ]>. 81, fig. 7. 

The medusa is commonl}' found attached on Sargassnm in the bay 
during July and August. All .s^jecimens examined by me agree with 
the species formerlj' rectmled (1925) in the presence of the regular 
number of tentacles (9). gonads (6), and oval tentacles (6). The small 
tentacles, which were described a.s suckers, are undoubtedly young 
filamentar ones, as sugge.sted in my last pajxrr. For the fir.st time, 
the tip of the short, young tentacles is covered with nematocysts and 
subsecjuently the dorsal side is gradually bordered by .several scries 
of nematocyst batteries, regularly arranged and developed from the 
terminal to the basal portion, .so nematocyst batteries are always more 
prominent on the dorsal side of tentacles than on the ventral side. 
Out of the .specimens obtained in the bay, the largest one is 3.5 mm. 
high and 3 mm. wide. 

Lol\ Yunoshima, July 13, 1926. Namiuchi, Hirauchimura, July 
17, 1926. Tsuchiya, July 14, Augu.st 5, 1925 and July 2, 1926. 

4) Urashimea globosa Kishinouve. 

Urashim^a globosa; KisHiNorvK, 1910, J«ur. Coll, .Sci. Imp. Cniv. Tokyo, veil. 27, art. 
9, p. 28, pi. 5, fig. 27-29. Maykk, 1910, Medusae of the world, vol. 3. p. 722. Hak'H AbU, 
1913, Nortliachcs Plankton, B<1. 12, p. 344, Fig. 290-292. 

Urashifnea nwcrotentaeulata; Kishinouyii, 1910, Jour. Coll. *Sci. Imp. Univ. Tokyo, 
vol. 27, art. 9, p. 29, pi. 6. fig. 30. 

Zunclea man si; UcifiDA, 1925, Jap. Jour. 2^1. vol. 1, p. 80, lig- 2-6. 

ZancUa sp.; Maas, 1909, Abhantll, K. Bayer. Akad. Wiss. Suppl Bd. 1, Abharidl. 8, 
p. 8, Taf. 1, Fig, 2. IIartkaub, 1914, Nordi-sches J'lankton, Bd. 12, p. 400. 

Several specimens of this interesting medusa were caught by Prof. 
S. Hozawa and Mr. Takatsuki. Out of specimens examined by me, 
the largest one is 11 mm. high. 
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Recently several sj^cimens of the medusa were sent through the 
kindness of Prof. A. Oka. They are in different stages and represent 
the structures of Zanclea inaasit Urashimea glohosa^ and UrasJiimea 
macrotcntaculata resixxtivcly, so I wish to condense these sj)ecific 
names into one. The metamorj^hosis of the species will Ixj given in 
anotlier paper. 

Loc, Okunai, July 8, 192(>. 

5) Turritopsis nutricula TVTcCkadv. 

Tnrriiop%U uutriculn; McCrai>v, 1857, Gymn. (Charleston Harvor, p 26, pi. S, fipj. 1. 
U( HiDA, 1925, Jiip. JtHir. Zuol, v()l. 1, p. 84, ht;. 8'*9. 

Four young sjx‘cimens belonging to tht^ common sjx:cies were 
obtained. They are about J mm. high, and arc provided with 24 
tentacles and four simple lips. Gonads arc not yet de\'cloix:d. 

Loc. Asamushi, March 14, 1924. 

0) Rathkea blumenbachi (Ratuki*:). 

Rathkea hlumrnhachi: U(’iui)A, 1926, Jap. Jour. ZtK>l., vol. 1, p. 86. 

Rathkea octopunctata \xix. grata; Maykk, 1910, Medusae of the World, vol. 1, p. 179, 
pl. 18, fiu. 6. 

Llizia shimikn ; KisiiiNocvi-, 1910, Jour. Gdl. Sci., Imp. Univ. Tokyo, vt»I. 27, urt. 9, 
p. 25, pl. 5, 11^. 24. 

Oceania blwnenbachie ; Rmhkf, 1825, Mem. Acud. Imp. .Sci. .St. rcter.sl)<jurg, tome 2, 
p. 321, pl. 1. fig. 1-4. 

A great number of the common medu.sa were obtained by Assist. 
Prof. S. Koklido at Asamushi. They are in different stages of develop¬ 
ment and give ri.se to medu.sa buds on their manubrium. As the 
species has been described several times, the specific diagnosis is 
omitted here. 

Loc. Asamushi, March 14, 1926. 

7) Spirocodon saltatrix (Tilksius). 

Spirocodon saltatrix; Maas, 1909, Ahhandl. K. Bayer. Akad. Wiss. Suppl.-lkl. 1, 
Abhandl. 8, p. 18, I’l. 2, Fig. 10-13. Maykr, 1910, Medusae of the world, vol. 1, p. 220, 
fig. 112, —, 1910, ditto, vol. 8, p. 724. Okaoa, 1926, Ann. Zool. Jap., vol. 11, p. 76-79 
et 81-^5, fig. 1-4, pl. 1, fig. 1~2. 
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S/irocoJon hrei>ite>tiaetUaris (moribund mt?dusa); ( )K\rM, 1926, Ann. Zool. Jap., vol. 
11, p. 80-81, pi. 3, fig. 8-4. 

Goneome<mdrus chrymUphamis ; KiRKi*ATRfCK, 1903, Ann, Mag. Nat. Hist., vol. 12. 
p. 616, pi. 33, 6g. 1-4. 

^fedma saltatfix; Tilksius, 1818, M^m. Acad. St. P^tersbourg, tome 6, p.664, pi- 18. 

Several .specimens were obtained in the neighbourhood of the 
A.siiinushi Marine Biological Station. All specimens examined by me 
were by far larger than those ever caught in other localities. They 
were about 70 mm. high and 65 mm. wide and were provided with 
about 60 hollow tentacles in each octant. As far a.s my observations 
go, the mediusa seems to be referred to the Anthomedusae. The 
discussion on the .sy.stematic position of the species will be given in 
another pa]3cr. 

Loc, Namiuchi, Moura, and Shimanai, March 10 and May 5, 1926. 

ORD. LEPTOMEDUSAK. 

8) Melicertum campanula L. Agassiz. 

Mdiartum campanula: Aijassi/, I.., 1862, Cont. Nat. Hist. U. S., vnl. 4, p. 349 et 
362. Maykr, 1910, Medusae of the world, vol. 1, p. 207, pi. 23, fig. 4-5, pi. 24, fig. 6. 

Bell higher than a hemi.sphere and 
flat-topped, 7 mm. high and 8 mm. wide. 
The gelatinous sub.stance is fairly tliick, 
es[)ccially at the aboral pole. There are 
eight simple, broad radial canals, which are 
equally developed and which become wider 
at the basal portion. They are somewhat 
undulating, probably on account of shrin¬ 
kage. Tentacles 64 in number, 8 in each 
octant. These tentacles, ari.se from the 
bell margin, and each has a large bulb at 
its base. They arc tapering and coiling, 
hollow and short. The ocelli could not be 
seen in preserved specimens. There are no .sensory clubs or statocysts 
between the tentacles. The velum is stout but narrow. The manu¬ 
brium is wide, .shallow, and provided with eight recurved lips, which 
correspond to the eight radial canals. There are eight gonads, which 



Fig. 1. MelUertum campemtUa, 
7 mm. high. 
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cover the .entire lenp^li of the eight radial canals. They are esjxjcially 
developed in the lower portion, showing several foldings, as seen in 
gonads of PtycJiogena» 

Colour, According to Mr. Takatsukc, who obtained two specimens 
of the species, radial canals and manubrium were white when living. 
In the preserved si^ecimens, gonads and lips arc slightly brown. 

Loc, Tsuchiya, June 5, 192G. 

Remarks, There are known two certain species in the genus: 
Meliccrtnm campanula and M, octocostatunii both occurring in the 
Atlantic. The two species above mentioned arc pyriform in shape 
and are provided with a wclbdcvcloped apical solid gelatinous substance, 
while the Japanese specimens are flat-topped in shape. According to 
Mayer’s figures (1910), however, the young medusa of M, campanula 
has no apical jelly mass, so our si^ecimcns, of smaller size than the 
former, may be referrable to Melicertum campanula. On the other 
hand, any indication of the several longitudinal lines of nematocyst-like 
cells, which are [^resent on the subumbrella of Melicertum octocostatunty 
could not be found in the Japanese medusae. 

9) Obelia sp. 

Several specimens were obtained by a surface tow on August 25, 
1926. The medusa is 1.5 mm. in diameter and is provided with 18 
tentacles in each quadrant, arranged younger and older alternating. 
Gonads are situated on the radial canals, a little nearer the marginal 
jxMtion. The species is absolutely colourless. It is difficult for us to 
identify medusae belonging to the genus without any knowledge of 
their hydroid. 


10) Phialidium discoida (Mayer). 

Phialiiiiwn discoida; Bic;ki.o\v, 190^. Mem. Mus. Camp. Zool., H.irvard coll., vol. 37, 
P* 156, pi. 6, fi|;. 8, pi. 38, fig. C-7. Maas, 1909, Abhandl. d. matli.-phys. Klass. d. K. 
liaycr. Akad. d. Wissen., Suppl.-Bd. 1, Abhandl. 8, p. 26. Maykk, 1910, Medusae of the 
World, vol. 2, p. 272. Uchida, 1926, Jap. Jour. Zool., vol. I, p. 90, fig. 14. 

Oceania discoida; Maykk, 1900, Bull. Mu.h. Comp. Zool. at Harvard ccilb, vol. 37, p. 
61, pi. 20, fig. 63-66. 

Several young specimens belonging to the specie.*? were obtained 
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in the bay on Sept. 16, 1923. The yoiin^^est medusa, with a diameter 
of 2 mm., has four perradial tentacles and the same number of inter- 
radial ones, the latter being smaller than the former. The tentacles 
consist of a prominent tentacle bulb and a narrow filamentous portion 
which is tightly coiled. lk.'sidcs these eight tentacles, the medusa 
has five tentacle-bulbs, each being situatecl in one octant between the 
perradial and the interradial tentacles, while in three octants no 
indication of them could be found. Four gonads, round in sha|x% at 
the basal portion of the four radial canals. Statocysts alternate with 
tentacles in position. Manubrium short. 

A larger medusa, with a diameter of 4 mm., has three short 
tentacles Ijetween the perradial ones. Two statocysts are present 
between two tentacles. Short manubrium squarish and brown gonads 
well-developed, situated close to the ring canal. The velum is narrow. 

Loc, Asamushi, Sept. 16, 1924. 

Remarks, The species was at first recorded by Maas (1909) from 
Japan and recently by me (1925) from Oshoro. 

11) Aequorea coerulescens (Kkandt). 

Aeijitorca coerulescens; ToKRKY, 1909, Univ. California Publ. Zool., vol. 6, No. 2, p. 28. 

1909, Mem. Mus. Comp. Zcx)l., Harvard Coll., vol. p. 177, 1>1. 4, fig. 4 and 
pl. 36, fig. 3-8. 

Aequorea forskalea (in part); Mavkr, 1910, Medusae of the World, vol. 2, p. 326. 

Mesonema {Zy^actyla) coerulescens: Rkandt, 1838, Mem. Acad. Imp. Sci. St. l*e*tcrs- 
liourg, .sC*r. 6, Sci. Math, et Nat., tome 4, p. 360, pl- 6. 

Mesonema pensile; Maas, 1909, Abhandl. malh.-phys, d. Kla^is. d. K. Bayer. Akad. 
d. wissen., Suppl.-Bd. 1, Abhandl. 8, p. 26. 

Zygodactyla coerulescens : Bram>t, 1838, Mdm. Acad. Imp. Sci. St. Petersbourg, si^r. 6, 
tome 4, p. 360, pl. 6. 

The bell is very flat and di.scoid, 134 mm. in diameter. The 
gelatinous substance is soft and mas.sive, as in the .saemostome medusa 
Aurelia, but especially thick in the aboral ixirtion of the stomach, 
measuring 20 mm. and gradually becoming thinner towards the j^ri- 
pheral margin. The margin is recurved inwards, as in Aurelia. The 
recurved portion is 11 mm. in width and becomes wider as the medibsa 
grows. 

The diameter of the stomach and mouth (without lips) is 65 mm. 
and 42 mm. respectively. Numerous radial canals, having almost equal 
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intervals, arise sej^iirately from the edge of the stomach and extend 
straight out to the ring canal. The radial canals, 85 in number, are 
straight and are arranged so 
that a young and narrow 
one conies between older and 
wider ones. The tentacles 
are numerous and are equally 
developed, arranged in two 
rows, the younger on the 
inner side. In the swimming 
medusa they become filamen- 
tar, and are very long, but 
in preserw.d specimens, they 
are short, ta|xiring, and coiled. 

The tentacles are hollow and 
are covered with ring-like 
ncniatocyst clusters. 'Die comaesemi. 

excretory papillae are present 

only on the axial base of well develoixid tentacles. There are nu¬ 
merous statocysts between the tentacles. They can not be seen with¬ 
out difficulty on account of the latter. ^ The velum is narrow but stout. 
The manubrium is very flat, its ventral wall has numerous meridional 
ridges which almost corresjx:)nd to the number of the radial canals, 
but which are, strictly speaking, a little fewer. The ridges lead to 
the terminal end of each lip, interferring with the lines of the ring 
muscles, which are arranged concentrically on the wall of the manu¬ 
brium. The {)eripheral wall of the stomach is somewhat folded and 
bulges out. The lips arc 60 in number and are tapering, with folded 
margins showing the sjime structure as the oral arms in Aurelia, 
The narrow linear gonads are developed iqx)n these canals and cover 
the whole length of the radial canals except the terminal portion close 
to the ring canal. They arc at first linear but gradually become 
folded, and the middle portion is the widest. 

Colour. Tentacles deep blue. Radial canals and lips blue. Gela¬ 
tinous substance bluish. 

Off Yunoshima, May 1926. 

Remarks. Several specimens w'ere caught in the bay by Mr. 
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Takatsuki. In the medusae, the number of radial canals and lips do 
not correspond with the diameter of the umbrella as shown in the 
following tabic. 


i 

1 

Sfiec. A 

S|>ec. B ! 

1 

Spec. C 

Spec. D 

Diameter of umbrella. I 

25 mm. 

.^l mm. 

132 mm. 

134 mm. 

Duimeter of .stomach. | 

14 ram. 

1 16 mm. 

73 mm. 

68 mm. 

Numljcr of radial canal.s. j 

60 

! 61 

I 

1(^ 

85 

N’uml)er of lips. ^ 

16 

1 20 

67 

66 

lliickncss of gelatinous substance. | 

8 ram. 

10mm. 

20 mm. 

1 20 mm. 


Moreover, the time of development of the gonads is variable accor¬ 
ding to individuals. 

The medusa bears some resemblance to Aeqnorea forskali and A, 
pensile^ but is easily distinguished by the fewer number of radial canals 
and the considerably numerous tentacles, which are several times as 
many as the radial canals. Maas (1909) recorded as 71/. pensile a 
medusa, from Sagami Bay, belonging to the genus. His specimens 
were broken and had no marginal tentacles, so the identification was 
based uix)n the number of radial canals, and the diameters of the 
umbrella and the stomach. But the relative number of these organs 
can not be utilized in sjx^cific identification, as mentioned above. 
Though tlic s^xicimcns in question are provided with more radial 
canals, they are probably the same as my species, as I have examined 
several sjxicimens of /I. coemlesccns collected at Misaki. 

12) Gonionema murbachi var. oshoro Ucuida. 

(joiaoneina murh/uhi '/ax, oshoro; UcHll>A, ]025i Jap. Jour. Zool., vol. 1, p. 84, fig. 
18-19. 

A great number of living or preserved medus^i belonging to the 
species were examined by me. The welbdeveloped medusa is very 
fkit in shape as described in my last paper, but the youngest medusa 
among them is 3 mm. wide and 2 mm. high and is provided with six 
tentacles in each quadrant. Gonads make their appearance.s on the 
upi^ermost portion of four radial canals in the medusa. As the medusa 
grows, the bell becomes gradually flatter and finally takes a quite 
different shajDe in a later stage. It is also noticeable that the medusa 
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is liable to have a higher bell in a preservative than in the living 
state. The species is very common and attaches on Sarg'as.mf// at 
Asapiushi as well as in Oshoro. 

Loc. Yunoshima, July 13, 1926. Narniuchi, Hirauchiniura, July 
17, 1926. Moura, Hirauchiniura, July 20, 1926. Tsuchiya, July 3, 
1926. 


ORD. TRACHOMKDUSAK. 

13) Aglantha digitate Haeckel. 

Mi^autha digitalis; Hakckil, 1879, Syj>t der Medusen, p. 272» Tal). 16, Fi^j. 6, 6. 

A^lavtha dij'iitde: UuiFiow, 1913, l’r<»c. IL S. Nat. Mus , vol. 44, p. 4.3. U(:mi>A, 
1925, Jap. Ji>ur. Zod., v(»l. 1, p. 97. 

Several medusae belonging to the common arctic sjx^cics were 
collected among innutnerable diatoms. Out of specimens examined by 
me, the smallest one is 5 mm. high and 3.2 mm. wide. Eight gonads 
make their appearances as a round .sac on the upixirmost part of eight 
radial canals. The largest specimen is 12 mm. high and 7 mm. wide. 
Ck)nads develop as eight sausage-like masses, hanging down from the 
up|xir part of radial canals into the bell cavity. The medusa is 
occasionally tinted pinkish. 

A young medusa was already from Oshoro in 1925. 

/.oc. A.samushi, March 10, 1925. 

14) Liriope tetraphylla (Chamisso et Ev.sENiiARin'). 

Liriope tctraphylln: Biuri.ow, 1913, l*rc>c. U. S. Nnt. Mus., vol. 44, p. 55. 

IJricpe rosacea; Maas, 1909, Abhandl. d. math.-phy.s. Khiss. d. K. Bayer. Akad, d. 
Wi.ssen. Suppl.-Bd. 1, Abliandl. 8, p. 31. 

Geryonia tetraphylla; CkamiSvSo et Eyskniiardt, 1821, Nova Ada Phy.s. Med. Acad. 
IxH^p. Carot., tome 10, p. 367, pi. 27, fig. 2. 

Several young specimen were examined. As they were all in a 
young stage, definite identification could not be made, but they are 
probably to be referred to the .species, which is very common in any 
Japanese water. 

Loc. Asamushi, Sept. 16, 1924. Yunoshima, Sept. 30, 1926. 
Hadakaiwa, Oct. 16, 1926. 
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Scyphomedusae. 

ORD. CUBOMEDUSAE. 

16 ) Charybdea rastonii Haacke. 

Charybdea rastonii; Haackk, 1887, Jen. Zeit. f. Nalurw., Iki. 20, p. 591, 1*1. S5, Fig. 
1-16. Maykk, 1906, Bull. U. S. Fish. Commission, vol. 28, pt. 3, p. 1134, pi. 1, fig. 1-1 c. 
RiGEiXiW, H. B., 1909, Mem. Mns. Comp. Znol. at Harvard 0)11., vol, 37, p. 17, pi. 1, 10. 
Maak, 1009, Abhandl. d. math.-phys. Klas. d. K. Bayer. Aknd. d. Wissen. Suppl.-Bd. 1, 
Ahhandl. 8, p. 41. Maykr, 1910, Medusae of the world, vol. 8, p. 608, 726. —, 1913, 
Pul). Carnegie Inst. Wash., no. 214, p. 170. Yait^u, 1918, Joum. Coll. Sci., Tokyo, vol. 40, 
art. 3, p. 1. —• Dobutsugaku Zassi, vol. 30, p. 24. Maykk, 1917, Smithonian In^. Nat. 
Mus., Bull. 100, vol. 1, pt. 3, p. 187. Stiasny, 1912, Vid. Medd. f. Dansk naturh. Foren 
Bd. 78, p. 616. 

Charybdea hrevipedalia ; Kisiiinouyk, 1891, I>obu(sugaku Za.ssi, vol. 8, p. 487, fig. 1-3. 
Charybdea (young); Uciiida, 1926, Proc. Imp. Acad., vol. 2, p. 296, fig. 1. 

Two fine specimens of the species were examined by me. The 
larger one is 35 mm. high and 32 mm. wide. The medusa is common 
during August and September in Japanese waters. It is not unworthy 
of mention that those found in the Japan Sea and in Hokkaido are 
generally larger than those in the Pacific but no other remarkable 
difference could be seen. Recently a young medusa with a height of 
1.2 mm. was recorded. 

lu)c, Hadakaiwa, Oct. 5, 1926. 

ORD. STAUROMEDUSAE. 

16 ) Haliclystus auricula Clark. 

Haliclyatus aurkuln i Clark, II. J., 1868, Jour. Boston Soc. Nat. Hist., vol. 7, p, 669. 
Maykr, 1910, Medusae of the World, vol. 3, p. 632. 

HnUclystus tenuis ; Kishinouyf, 1910, Jour. Coll. Sci., Imp. Univ., Tokyo, vol. 27, art. 
*9, p. 4, pi. 1, fig. 8. 

Tlie bell, without the peduncle, is octangular-pyramidal, gradually 
expanding towards the bell margin, 9 mm. high and 10 mm. wide. 
The peduncle is quadrate and with four interradial furrows, about 
6 mm. long and 1.7 mm. in diameter, and gradually widing towards 
the basal disc. The whole surface of the animal is finely granulated 
with nematocy.sts. The gelatinous substance is thin and rigid. The 
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marginal portion of the bell is divided into 8 parts, making eight arms, 
one in each adradius. Each arm is provided with a tentacle cluster. 
The four pcrradial clefts between the tentacle clusters are deeper than 
the four interradial ones. Each tentacle 
cluster consists of about 30-40 knobbed 
tentacles, which are hollow, and are pro¬ 
vided with globular knobs, which are co¬ 
vered with nematocysts, at their terminal 
ends. Tlicy are about 0.8 mm. in length. 

The eight marginal anchors, which are 
situated in each perradius and interradius, 
are kidney-shaped and are mounted upon 
a short cylindrical peduncle, the perradial 
four among them being situated at a higher 
level than the interradial four. Their 
diameter is about half that of the peduncle. 

The manubrium is short and four sided, 
and liable to be folded on account of its 
thinness. The gastric filaments are nu- . 

, rjg. 8. HiUiclysiui auncula. 

mcrous m each perradius, arranged along ly 

about the lower half part of the gastric 

cavity. There are eight adradial gonads, making four pairs in each 
perradius. These gonads are narrow, extending to the ends of the 
eight arms from the aboral end of the umbrella, each consisting of 
about forty or more out-folded vecicles, arranged in about two rows. 
These vecicles are various in size according to the stage. The peduncle 
has four interradial tracts of longitudinal muscle-fibers and four per¬ 
radial canals, which communicate with the central stomach cavity of 
the umbrella. 

Colour, Colour very variable; umbrella brown or green with 
scattered white spots, which are especially conspicuous on the bell 
margin. The peduncle is generally light brown or green. The knobs 
of the marginal tentacle are brown, and the stem is green. The 
adradial parts of the medusa are brown. The marginal anchors are 
bright brown and the gonads brown or deep port wine coloured. 

Loc, Tsuchiya, July 27, 1926. Zizo, July 2, 1926. 

Remarks, The medusa is very common on Sargassum from the 
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beginning of July to the end of August. A young medusa was 
recorded from Oshoro by Kishinouve (1910) as Haliclystus tennis. 
According to his description, this medusa has eight genital glands, 
each consisting of many round sacs arranged in two longitudinal rows 
and a comparatively higher bell than that of medusae formerly recorded. 
Off course, the Japanese medusa is somewhat smaller in size and has 
fewer gonads, but I examined several specimens which were collected 
at Oshoro and the genital vecicles in each gonad arc arranged in four 
rows. Moreover, the shape of the preserved medusa is more or less 
variable according to shrinkage, so the medusa in c^ucstion seems to 
be a young one of Haliclystus auricula, which is commonly found in 
the northern Atlantic. 

17) Sasakiella cruciformis Okuuo. 

SasakUlla cfuciformis : ()Kri«i, IHIT, DobutsiiKakii vol. 21)* p. SI 7, fig. 1-2. 

Bell provided with four interradial 
arms, which arc divided into two 
short, paired arms, therefore giving a 
nearly cruciform shape. Bell 10 mm. 
in diameter and 2.5 mm. in thickness, 
when expanded. Peduncle 3 mm. in 
length, becoming wider towards the 
basal end, which represents a adhesive 
disc. The gelatinous sub.stance is 
transparent, with numerous small 
Fig. 4. Sa^aiHM, spots, which arc especially 

10 min. in diameter. abundant in thc perradial part of the 

subumbrella. The exumbrella is ge¬ 
nerally smooth, while the .subumbrella has four interradial furrows, 
which begin at the base of the manubrium, leading to the marginal 
portion of the subumbrella. The primary tentacles are hollow and are 
eight in number, four in each perradius and another four in each 
interradius. These tentacles are tapering and each is provided with 
an adhesive disc at its terminal end and a white spot at the middle 
length. Thc perradial four are about 3 mm, long, while the interradial 
four 2 mm. Tlie interradial arms become generally narrow towards- 
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the distal end, and arc consequently divided into two short arms about 
1 mm. long and which arc provided with 10 hollow secondary tentacles 
at their ends. These tentacles are capped and are arranged in three 
radial rows, the outer three tentacles, which arc older, Ijcing furnished 
with a white sjk:)! on their abaxial side. The manubrium lias four 
thin lips, its perradial ridges each connecting with a perradial portion 
of the subumbrella, which is elevated. Gastral filaments make groups 
in each interradial part, close to the mouth. Gonads represent eight 
adradial rows of 9 succules, which extend from the base of the 
manubrium to the tip of the arms. 

Colour. Exumbrclla generally transparent, with small white spots, 
the entoderm brown and esjxicially deeper brown along the marginal 
jiortion. Subumbrclla also brown with white spots on the margin and 
the i)crradial parts. Stem, gelatinous substance, transparent, with some 
small white sjx^ts, its entoderm brown, csiKicially deeper at the base. 
Manubrium light brown. The [irimary tentacles are white in the stem, 
slightly brown in the adhesive disc, and brownish purple at the base. 
Secondary tentacles brown. 

f.oc. T.suchiya, Sept. 27, 1926. 

Remarks. This interesting species was first recorded by OKiaio 
(1917) from Oshoro, Hokkaido. From the result of my investigation 
on the medusa at Oshoro last year and at Asamiishi this year, those 
at Oshoro were blacker than those at Asamushi. Idowever, as far as 
my observations go, medusae belonging to the order arc generally 
considerably variable in colour. The remarkable characteristics in the 
genus lie in the primary tentacles, which are not metamorphosed into 
iinchors. 

The medusa is commonly found attached on Sarj^assum. 


ORD. SAKMOSTOMAE. 

18) Dactylometra pacifica Goettf.. 

Dactylonttira pacifica; BkieIjOW, 1913, Pnx:. U. S. Nat. Mus., vol. 44, p. 92. 
Dactylometra qmnquecirrha vwc. pacifica; Gokitk, J886, SiBt. tl. kOnig. preuss. Akad. 
<\. Wiss. z. Berlin, Bd. 39, p. 4. 

Dactylometra pacifica ferruffinaster: Maas, 1909, Abhandl. d. math.-plys. Klass. d. 

K. Bayer. Akad. d. Wissen., Suppl.-Bd. 1, Abhandl. 1, p. 44, Taf. 2, Fig. 14. 
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Dariylcmeira hngicirrfta ; Kishinouye, I892i Dobutsugaku 2 ^ 981 ^ vol. 4 , p. 261> pi. 2. 

Dactyhmetra ferntginasUr; Kishinouyk, 1892, Dobutsugaku Zassi, vol. 4, p. 268, pi. 8. 

According to Mr. S. KoKuno, the medusa is commonly found at 
Asamushi from spring to winter. I have examined numerous specimens 
from various localities of the country, such as Aomori, Misaki, Kana¬ 
zawa, Seto, the Inland Sea, Kagoshima, and Toyama and have come 
to the conclusion to reduce several synonyms given above into one, 
viz. Dactylometra pacifica, concurring with Bigelow (1913). However, 
Kuragea depressa, which was referred to the above species by him 
seems to me to be a quite different species. The original describer 
of the .species was Goette, who gave it a brief description in 1886, 
based on a preserved specimen obtained at Nagasaki, but Kishinouve 
(1892), who examined specimens from the Inland 5>ea, described the 
species in detail. 


19) Cyanea capUlata Esciischoltz. 

Cyanea capUlata: Esc'HScjioltz, 1829, Syst. dcr Acalcphcn, p. 68. 

Cyanea capUlata (in part); Maykr, 1910, Medusae of the World, vol. 3, p. 596» 

Cyanea capUlata var. capUlata: Bi(;rU)VV, 1913, Proc. U. S. Nat. Mus., vol. 44, p. 93, 
pi. 4, fig. 8, 9. 

Cyanea fermginea : Esciiseiroi/i’Z, 1899, .System der Acalcphcn, p. 70, Taf. 5, Fig. 1- 

Cyanea citrea: KiSHiNoL^r, 1910, Jour Coll. Sci, Imp. Univ. Tokyo, v»j 1. 27, art. 9, 
!>. 16, pi. 4, fig. 16, 17. 

The umbrella is quite flat and discoidal, high in the central and the 
marginal (especially the adradial) parts, making a shallow groove on the 
exumbrella. It measures 360 nim. in diameter. The umbrella margin 
is divided into 16 lobes by dcc|3er adradial clefts and shorter perradial 
and interradial sensory ones. The adradial clefts measure 45 mm., 
while the sensory ones 30 mm. These lobes are again divided into 
two, the one nearer to the sensory organ being smaller than the other. 

The exumbrella is generally smooth, but the subumbrella is very 
complicated, as follows. The eight sensory organs are found deep at 
the bottom of a groove formed by two ephyral lobes and an exum¬ 
brella roof. The gastrovascular system in a lobe is characteristic in 
the species; it consists of a broad canal adjacent to the sense organ 
and about ten radial canals in a group. The broad canal sends out 
several canals on both sides, among them, those nearer to the sensory 
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Vig. 6* Cyauen lafVlata Cinal system of an ephyral lappet. 


organs arc larger and more numerous than those on the other side. 
The other radial canals are mostly dendritic, especially in the terminal 
portion, and sometimes are anastomosed. The peripheral margin of 
these canals are also provided with numerous minute canals. There 
are sixteen bundles of radial muscular ridges in the subumbrella 
between the per- (or inter-) radial and the adradius. A bundle i.s 
60 mm. long and 30 mm. wide, consisting of 15 muscular ridges. 
These muscular ridges are provided with several simple transverse 
canals. Outside of the stomach there are parallel, concentric muscular 
ridges, among them, 15 peripheral are conspicuous and 6 proximal 
are faint. The zone of the muscular ridges is 40 mm. wide and i.s 
divided into 16 groups; eight in each per- (or inter-) radius and 
another eight in each adradius. Those in the perradius and the 
interradius are longer, 60 mm. in length, while those in the adradius 
are shorter, 30 mni. These concentric muscle ridges also have several 
transverse canals which are wider than those in the radial ridges- 
and arc somewhat arboraceous in their terminal portion. There arc 
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numerous tentacles which are arranged in about five rows along these 
radial and concentric muscle zones in each adradius. The tentacles 

are hollow and very contractile. The 
mouth is four-sided and is provided 
® with four perradial oral arms, which 
are curtain-like and complexly folded, 
especially at the free margin. The 
stomach is 130 mm. in diameter and 



pouches, which 

(^11 i \ ^ j b several radial canals into 

^ lobes. 'I'he genital porticuses are 

f>. Cyafh'a copiliata. a. Canals of somewhat isosceles triangular, though 
a radial muscular ridge; b. Canals ^he periphery is round. The gonads 
of a conceninc muscular ridge. linear, imbedded in the gelatinous 

substance, which generally swells out from the four interradial genital 
ix)rticiiccs, like a hollow bag. 

Colour. Tentacle brick brown. Muscular system and gonad yellow 
in preserved specimens. 

Loc. Tsubakiyama, May 11, 1926. 

Remarks. Medusae belonging to the genus were described as 
several different species from several localities. Maver (1910) reduced 
these s}x:cies into two: Cyanea capillata and Cyanea annaskaia. 
Bigelow (1913) followed him and described the Japanese species in 
the Inland Sea as Cyanea capillata var. nozakii. Stiasny (1921) tried 
another revi.sion of the genus but lused the name for the medusa. 
However, I am of the opinion that two medusa, namely C. capillata 
and C. 7iozakih must be sejxiratcd, because they are distinguishable 
in the radial canals, the radial muscle system, and the colour. 

The identification of species belonging to the genus has formerly 
been made based on their colour, or size, and the shape of the marginal 
lobes, but the.se factors are highly variable in one species, so special 
observations must be made on the canal systems and the muscular 
system, as they are stable in a preservative. With regard to the 
radial canals of Cyama capillata, there are some differences in former 
figures, but those made by Kishinouye (1910) and Bigelow (1913) 
almo.st agree with the canals in my specimens. 
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ORD. RHIZOSTOMAK. 

20) Rhopilema esculenta var. asamushi, n. var. 

The umbrella is higher than a hemisphere, 100-200 mm. in dia¬ 
meter. The gelatinous substance is rigid, and thick at the center, 
becoming gradually thin towards the margin. The margin of the 
umbrella is divided into 64 or more velar lappets, which are often cut 
again. They are highly variable, not only in individuals but even in 
octants in a specimen. These velar lappets are oval, while the eight 
ocular lappets arc smaller in size and more or less lanceolate. The 
thin marginal portion, which is turned inside and is velum-like, is 
32 mm. wide in a medusa with a diameter of ISO mm. The subgenital 
lX)rticus in each interradius is large and somewhat kidney-shaped, 
'riicrc is a wart-like protuberance, a papilla, in each interradial margin 
of the jxirticus. Its outer surface is concave inwards. The oral pillar 
in each perradius is almost an isosceles-triangle in cross .section, having 
one outer surface and two inner ones. I'he upper iX)rtion of the oral 
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part is 100 mm. in diameter and is connected with the quadrate 
prismatic part downwards. The prismatic part is 40 mm. in diameter 
and has a canal in the central portion. The canal is cruciform in 
section and sends off 8 pairs of canals, one into each .scapulet, which 
is furnished with complicated suckinp^ frills and numerous hollow 
filamentous appendages. hLach scapulet is divided into two pairs at the 
distal end. The cruciform canal above mentioned is divided into 12 
canals, three in each i^rradius. Out of these canals, a middle one 
leads downwards, while two paired ones run in a scapulet respectively, 
being divided again into two canals at its distal end. The un-paired 
middle canal is divided again in a lower portion into three canals : 

one middle and two paired. The 
former leads to the underside of the 
oral part, while the latter ones run 
into the oral arm, which hangs below. 
The ventral side of the oral arm is 
very similar to Rhopilema esculenta. 
There are five separate groups of 
.sucking frills,—one smaller one in 
the center and four larger ones in 
each perradius, each provided with a 
long filamentar appendage. The cen- 
8 . RhopiUma isfuUnta var. asa- tral frill is Connected by four narrow 
MHshi, n. var. Ventral view of arms With the four perradial ones, 
oral part. which are again connected by two 

arms with those of the eight arms. Among the five filamentar 
appendages, the central one is the largest and longest. 

The eight oral arms are not so well developed as in Mastigias, 
'Fhey are three-winged and are furnished with numerous hollow 
appendages which are distributed among the sucking frills of each 
w'ing. They are smaller and filamentar in the upjxir region but arc 
stout and spindle-shaped. The larger ones are generally present near 
the terminal portion of the oral arm, but none could be specially called 
the terminal appendage, as in Mastigias and Rhizostotna. The oral 
arm and the largest appendage are almost similar in length, measuring 
90 mm. The central canal of the arm gives off a few broad canals 
on either side, which extend to the wings and are divided into 
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numerous minute canals which lead to a suctorial mouth. 

The gastrovascular system of the medusa is characteristic. There 
are eight perradial and interradial canals which extend from the central 



Kij;. 9 e^cnUuti var. asatmtshiy Fig. 10. ci>€utentn var. asamushi^ 

fi. var. Frontal view of oral arm. n. var. Lateral view of oral arm. 

XI XI 

stomach to the eight sense organ.s. Besides these eight canals, eight 
narrower and shorter adradial canals come off from the stomach and 
connect at a swollen end with the indistinct ring canal. Inside the 
ring canal, there are anastomosed canals, which arc connected with 
the eight perradial and interradial canals but not with the eight 
adradial canals. Outside the ring canal, there are numerous narrow 
canals, which are more complexly anastomosed than tho.se inside the 
canal. 
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The central stomach cavity is almost octagonal in outline and is 
provided with numerous gastral filaments in each interradius. 

The gonads develop in each interradius, showing numerous foldings, 
wliich are larger towards the middle portion. 

Colour, The umbrella and the oral arms are sandy colour and 
the gonads are yellowish brown. 

Loc, Asaniushi, Aug. 29, 1925. 

Remarks. It is rather seldom that the medusa is found in the 
bay, but I saw numerous medusae belonging to the species at Yuno- 
hama, Yamagata Prov. The medusa is very similar to Rhopilema 
I'sculenta. which is common in the Inland Sea and on the coasts of 
Kiushu, but differs in colour and in the shai3e of the larger appendages 
of oral arms. In respect to the latter character, the medusa is 
somewhat common to Rh. verrilii, which was recorded from the 
Atlantic, but is easily distinguished from the latter by the presence 
of filamentar appendages on the oral arms and the ventral side of the 
oral part, and the concentric muscle, which is not interrupted in the 
radii of the 16 radial canals. 


Ctenophorae. 

21) Hormiphora palmata Chu\. 

flormiphora palmata; Ciii’N, lSl)8, Die Clcnophoren dcr Plankton-Expedition, p. 17, 
PI. 3, Eig. 1, 2. Komai, 1918, Ann. Ztwl. Jap., vol. 9, p. 451, pi. 7, fig. 1. 

Hormiphora japonica; Moskr, 1908, Abhandl. K. Bayer. Akad Wiss. Suppl.-Bd. 1, 
Ahliandl. 4, i>. 10 pi. 1, fig. 6-8. 

A specimen of the common species was obtained by Mr. Taka- 
TsuKi. The niedu.sa is 46 mm. long and 20 mm. wide. Comb plates, 
75 in number. Tentacles torn off. 

Colour. Tentacle bases yellowish. Comb plates white. 

Remarks. The species was recorded from the Pacific coasts of 
Japiin by Moser (1908) and Komai (1918), 

I examined several specimens obtained at Toyama Bay, the Japan 
Sea. 

I^. The quay of the Asamushi Marine Biological Station, May, 
1926. 
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22) Beroe ratnosa Komai. 

Bene nwma ; Komai, 1921 i Ann. Zool. Jap., vol. 10, p. 17, fig. 2- 

Four specimens caught by Mr. Takatsuki were examined by me. 
The largest specimen among them is 65 mm. long and 25 mm. wide. 
The gelatinous substance is thick at the upper portion and becomes 
gradually thin towards the bell margin. Comb plates so numerous 
and closely set that one can hardly count them. Meridional canals, 
as well as pharyngial canals, giving off numerous side-branches on 
either side; these branches generally run horizontally into various 
depths of the gelatinous substance, re^K'atedly branching. 

Colour. Slightly pinkish. 

Loc. The quay of Asamushi Marine Biological Station, Sept. 6, 

1926. 

Remarks. The species was described in detail by Komai (1921) 
based on several s|3ccimens from Hokkaido. 
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The Anatomy of Caudina chilensis (J. Muller) with 
Especial Reference to the Perivisceral Cavity, the 
Blood and the Water Vascular Systems in their 
Relation to the Blood Circulation.* 

By 

Nouuvuki Kavvamoio. 

This investigation was undertaken at the suggestion of Prof. S. 
IIatai as the first step for further investigation on the physiology of 
the blood, during my stay at the Asamushi Marine Biological Station 
from the middle of March to the end of October 1925. 

MATERIAL AND METHOD. 

The systematic [X)sition of Caudina chilensis (J. Mullek) is as 
follows: 

Phylum. Pxhinodermata. 

Cla.ss. I loJothurioidea. 

Order. Molpadiidje. 

Genus. Caudina. 

This animal lives in the littoral .sandy bottom of the sea, and is 
found in abundance in the Bay of Moura, near the Asamushi Marine 
Biolc^cal Station. This species was collected also at Hokkaido, ac¬ 
cording to Mitsukuri (1). 

As this animal contracts strongly when dug out of the sand, I put 
it into a bath through which sea water ran slowly for a while for the 
purpose of recovering its natural form. In order to narcotize it, a 
small amount of magnesium sulphate was gradually added the bath 
in which the Caudina^ thus recovered, was kept. After the Caudina 
was sufficiently narcotized, it was suddenly removed to saturated picric 
acid solution for the purpose of fixation. The fixation of its alimentary 
canal was very difficult as it contracts irregularly, but I succeeded by 
cutting off a portion of the canal, cleaning away the sand which filled 

contribution from the Marine Biological Station, Aaoronshi, Aomori-Ken. 
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it, then binding one end with string and, finally, the other end was 
lx)und after it was filled with picric acid solution with a pii^ettc. The 
intestine thus prei>ared was finally fixed in toto in the same picric acid 
solution. 

The materials were imbedded in paraffin and w^erc sectioned at 
the thickness of 3 to 20/i for the purposes of the investigation. 

Kosin and Dclaficld’s ha.'matoxylin were found the most suitable 
stains for the purpose of examining the blood vessel. 

For the study of the blood corpuscles in both fresh and fixed 
conditons I used several kinds of stains. Of course the fixing methods 
of the blood corpuscles were different according to the different stains. 
Methyl alcohol was used for the Giemsa’s stain, formalin for the 
May-Green Wald's stain, osmic acid of the Weidenreich method for the 
methylgreen-pyronin of Papjxinhcim-Unna, for the alcoholic eosin 
solution and for Delafield’s h;ematoxylin. 

Thoma-Zeiss's hoimocytometer was used for the enumeration of the 
corpuscles. 


ANATOMW 
External features. 

The general appearance of the body is spindle shaped, tapering 
rapidly at the anterior end and much elongated and slender at the 
ixjsterior end, which is called the tail. (Plate 1, Tl.) The mouth 
(Plate 1, M.) opens at the anterior end, and is surrounded by fifteen 
oral tentacles (Plate 1, T) of equal size. The anus (Plate 1, A) opens 
at the extreme end of the tail. p*our cone-shaped lobes arc found at 
the free end of each oral tentacle. 

The number of tentacles of this species is fifteen, the same number 
as Gekould found in Candina arenata. A short conc-sliapcd genital 
papilla (Plate 1, G. p.) is situated near the mouth along the dorsal 
interradius, and it appears to be slightly longer and more slender in 
the male than in the female. At the extreme end of the tail i)articles 
of sand are attached which give a much darker color. I suppose this 
may be for protection from enemies. On the extremity of the tail, 
along each radius, there is found an anal papilla. There are five in the 
adult, but they are hardly visible to the naked eye. (Plate 2, Fig. 6, a.P.) 
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The body wall is semi-transparent and on the inner surface of it 
five pairs of longitudinal muscles are attached in positions which 
correspond to the ambulacral zones. 

The tube feet are absolutely 
wanting. Each pair of longitudinal 
muscles show a difference in width 
from the others at the middle of the 
body (Text Fig. 1, A. R. C, D, E) 
although this difference becomes 
gradually indistinguishable as these 
approach toward both ends. The 
width of the ventral longitudinal 
muscles, which are located at the 
middle of the ventral inner surface, 
is the same. .* Of the muscles which 
are located at both sides of the 

longitudinal muscles, the ones near the ventral median line are wider 
than the others, and of the left dorsal longitudinal muscles, which are 
located left of the dorsal median line, the one near the line is wider 
than the other, while the corresponding pair of muscles, which located 
at the right side of the dorsal median line is nearly identical in width. 
Thus we can easily distinguish dorsal or ventral, left or right of the 
body by examining the five pairs of longitudinal muscles, as these 
differences can be seen from the surface of the body. In order to 
designate each pair of longitudinal muscles, I have called the ventral 
longitudinal muscles A, the left ventrals B, the left dorsal C, the right 
dorsal D, and the right ventral K. (Plate 1, L. m.) 


Text Fig. 1. Diagrammatic section of 
the liody. 


Internal features. 

/. Aiimcntary canal. 

This canal, after passing through the calcareous ring which is 
located near the mouth, runs (Plate 1, c. R) towards the posterior end 
of the trunk, then bends and runs forwards almost to the calcareous 
ring, then turns again towards the tail and finally opens at the anus. 
Thus the general form of the alimentary canal in its natural position 
resembles the letter S. 
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The first three-fourths of the canal is attached to the body wall 
by means of membranes, termed mesenteries (Plate 1, Me.). There 
are four such mesenteries, the first one supports the anterior one-fourth 
of the canal left of the D muscles. The second one supports the 
next one-fourth of it to the left of the C muscles, and the last two 
mesenteries support the next one-fourth of the canal on the upper side 
of the B and the E muscles (Text F*ig. 1). The remaining one-fourth 
of the canal runs through the tail and is supported by the radial 
cloacal muscles. (Plate 1, R. c. m.) 

The pharynx (Plate 1, Pa.) is attached to the calcareous ring by 
ten septa. These ten septa are called the “ suspensor by Geroulo, 
but I wish to call the “ ccelo-periplmryngeal septa *’ (Plate 2, Figs. 1 
and 2, c. p. p. S.) for the reason of signifing their anatomical relations. 

There are five peripharyngeal sinuses surrounding the pharynx and 
each is surrounded by a continuation of the ccelomic cavity (Plate 2, 
Fig. 1, p. p. S.), thus each sinus is formed by two ccclo-peripharyngeal 
septa, a part of the pharyngeal wall, and one piece of the calcareous 
ring corresponding to the radius. The posterior ends of the septa are 
connected with the wall of the peristomachal sinus, which is further 
explained later, while the anterior ends are free. At these free anterior 
ends the coelom communicates with the peripharyngeal sinus and will 
be called the ccjelo-peripharyngeal connection. (Plate 2, iMg. 2, c. p. C.) 

The pharynx becomes continuous with the stomach at the posterior 
end of the calcareous ring (Plates 1 and 2, Fig. 2, c. R.) to which 
the circular water canal (Plate 1, w.) attaches. The inner surface of 
the pharynx has numerous longitudinal folds. 

The stomach (Plate 1, St.) is a short, curved tube of uniform 
diameter and of whitish color. A membrane which surrounds the 
stomach is called the wall of peristomachal sinus and is composed of 
two epitherial layers and a connective layer which lies between them. 
(Text Fig. 2. W. p. s. s.) Between this membrane and the stomach, 
there is a sinus, which is here named the peristomachal sinus. (Text 
Fig. 2, p.s.s.) The walls of the peristomachal sinus and the stomach 
are connected by fibrous suspensors, which are arranged radially, though 
irregularly. (Text Fig, 2, r. s.) 

This sinus just mentioned communicates with the peripharyngeal 
sinuses in the anterior, but posteriorly, near the intestine, this sinus 
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ends in a blind sack, owing to the union of both walls. (Text Fig. 2) 

The genital organ (Plate 
1, g. o.) of this animal con¬ 
sists of two dichotomously 
branched tubules of almost 
uniform caliber. These two 
branches of tubules o|3en 
into a common duct at the 
}x>int where these tubules 
unite. The common genital 
duct runs anteriorly between 
the two epithelia of the 
mesentery, and opens to the 
exterior through a single 
orifice of the genital papilla. (Plate 1, g. p.) 

The small intestine has the form of a U, and is supported by the 
mesenteries which are attached to the C and the D muscles. As 
there are many capillary lacunae filled with red blood in tlie inner 
connective tissue layer of the small intestine, it can be distinguished 
from other parts of the alimentary canal by its color. The part which 
is supported by the D mesentery is called the anterior small intestine 
(Plate 1, A. s. i.) and the remaining part is called the posterior small 
intestine. (Plate 1, P. s. i.) 

' The large intestine (Plate 1, L. i.) runs ventral to the small intestine 
and ends at the anal opening. The anterior end of the large intestine 
down to the end of the trunk is comparativly larger in diameter than 
any other part of the canal, and is supported by two mesenteries 
which are attached to the B and the E muscles, respectivly, on both 
sides. Beyond this region, the large intestine becomes narrower and 
runs into the tail, where it is supported by the radial cloacal muscles. 
(Plate 1, R. c. m.) 

The two respiratory trees, (Plate 1, r. T.) which run parallel, arc 
attached to the dorsal side of the large intestine at a point near the 
bend of the small intestine. The left tree divides itself near its origin 
into two main branches, one of which goes forward along the dorsal 
.surface of the B mesentery and may be called the left ventral branch 
.(Text Fig. 1, 1. V. b.), while the other, the left dorsal branch, (Text 


W.p.s..s. 

l.m. r.H. ; pss. 



c.l. 


Text Fig. 2. Diagrammatic section showing the 
Conncclitm of the stomach ami the small 
intestine. 
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Fig. 1, 1. d. b.) enters the rete-mirabile and is loosely invested. (Plate 
2, Fig. 3, R. M. & r. t.) 

The right one, which is a single trunk, goes forward along the 
dorsal surface of the E mesentery and runs near the circular water 
canal, where it divides into two branches, the one reaches the l>ase 
of the tentacular ampulla (Plate 1, t. A.) on the dorsal median line, 
and the other runs to the ventral median line. 

Terminal portion of the tail. 

The five anal papillae (Plate 2, Fig. 5. a. P.), as I have mentioned 
already, are found at the ix)sterior end of the tail as in Catidina 
arenata, 

I found that the ctdomic cavity opens at the inner base of the 
papilhe to the exterior through five pores which I called the ** ccelo- 
anal canals (Plate 2, Fig. 6, & 6, c. a. C.). The presence of these 
canals, the diameter of which are 40-60/£ in the adult, can scarcely 
be seen by the naked eye but occassionally their openings may be 
clearly seen at the instant when the red colored ccelomic fluid is 
thrown out. These canals are individually covered with a single layer 
of epithelium and are free from cuticle. I could not find any trace 
of muscular structure which may serv^e to close the pores. These 
coelo-anal canals Jiave been noted neither by Gerould (2) in Caudina 
arenata nor by Dendv (3) in C. coriacea, and as far as I am aware, 
these canals were not found in any other Holothuroidea by other 
investigators. 

Each of the five radial water canals (Plate 2, Fig. 4 and 6, r. w. 
C.) comes along the inner side of the radial nerves and divides into 
three branches^ near the base of the anal papilla:. Only the median 
branch enters the papilla, where it is enlarged slightly, while the other 
two end at the side without showing any enlargement. The radial 
blood vessels (Plate 2, Fig. 6, r. b. V.) run along the dorsal side of 
the median jinranch of the water canals, which is located in the papilla;. 
Gerould (2) re|X)rted that in Caudina arenata these radial lacuna; 
(radial blood vessels) communicate at the top of the tail with circular 
lacuna, which surrounds the anal opening. This, however, is denied 
by Dendv (3) who could not see such lacunae in C, coriacea, I also, 
failed to see such communications in C, chilensis. 
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Each radial nerve (Plate 2, Im^s. 4 and 6, r. N.) accompanies the 
•cpineural canal (Plate 2, Figs. 4 and 6, e. n. C.) as well as the 
hyponeural canal. (Plate 2, Figs. 

4 and 6, h. n. C.) The hyix)neural 
canal was called by Hamman the 
pseudo-haemal canal. The epi- 
neural canal is continuous with 
the circular epineural canal sur¬ 
rounding the mouth, which lies 
anterior to the nerve ring, while 
in the posterior portion it divides 
into three canals (Text F*ig. 3, 
e. N. C.) along with the three 
branches of the radial water canal. 

These three epineural canals 
unite with the corresponding 
branch of the radial water canal (Text P'ig. 3, c.) and forms three 
canals at the extremity, while the hyponeural canal communicates at 
certain intervals with the epineural canal in the ambulacural systems.’** 



'rcxt|Fig. X Diagrammatic section illustrating 
the structure of the end of the tail. 


HLIKJD VASCULAR SYSTEM. 

Distribution. 

The general arrangement of the blood vascular system of this 
species is the .same as that of the other species of Holothurioidea. 
Dorsal and ventral vessels lie along the intestine, and communicate 
with each other by intestinal lacuna:, while the jx^stcrior parts of the 
vessels are connected to a circular blood vessel (Plate 1, c. b. V.) 
which forms a ring at a region near the circular water canal, from 
which the five radial blood vessels go out to the ambulacural zones. 

All the vessels which are found on the dorsal side of the alimentary 
canal arc called the dorsal blood vessels (mesenterial blood vessels) 
and run along the dorsal surface of the alimentary canal. Numerous 

* Ambulacurai systim a term given to the complex arrangement of the epineural canal, 
radial nerve, the hyponeural canal, the radial blood vessel, and the radial wa^er canal, 
which is found in the ambulacural zone. 
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fine capillaries are sent out from the dorsal median line of the anterior 
small intestine (the left side of the mesentery) and are gradually 
united with one other in a network. This network, or plexus of the 
capillaries, is called a rete-mirabile (Plate 1, R.) and become united 
with a vessel which comes from the anterior portion of the alimentary 
canal. This vessel, after uniting with the capillaries, divides again into 
two vessels, one of which goes to the anterior, and the other to the 
posterior part of the body. The anterior one runs along the dorsal 
surface of the posterior portion of small intestine, branches off into 
many short vessels running to the dorsal median line of the intestine 
where the right side of the mesentery is attached. These short vessels 
become continuous with the intestinal lacuna;, which are situated in 
the wall of the iK)sterior small intestine. The posterior one divides 
itself into two or three branches, which run near the bend of intestine, 
where they enter the intestinal lacuna;. 

The vessel which comes from the rete-mirabile is called the afferent 
vessel (Plate 1, a. V.), and the two main branches arc called the 
anterior and the posterior efferent vessels (Plate 1, a. c. V. and p. e. V.). 

To these three vessels, which present a Y arrangement, I have 
given the name “ contractile vessels ** as these vessels perform 
rhythmical pulsation similar to the heart movement in higher animals. 
The anterior part of the afferent vessel becomes much more slender, 
runs forward, passing between the genital duct and the wall of peri- 
stomachal sinus, and then become continuous with the circular blood 
vessel. 

The capillaries on the ventral surface of the rete-mirabile are 
roughly mingled with the left dorsal branch of the respiratory tree as 
I have already described (Plate 2, Fig. 3) R. M.). 

All the vessels which are found on the ventral side of the intestine 
are termed the ventral blood vessels (anti-mesenterial b. v.), and to 
these belong the commissures (Text Fig. 4, and Plate 1, co.) and 
the diagonal blood vessel (Text Fig. 4, and Plate 1, d. b. v.). 

The commissures join the vessels which run along both the anterior 
and posterior part of the small intestine. Each of these commissures 
jj^^cts several vessels which come from the ventral median line 
S^the anterior small intestine, taking one vessel, and then divides 
gradually into several vessels, the number of which are nearly same 
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as before the union, and enters the laciinai of the posterior part of 
the intestine at its ventral median line. In the last commissures the 
right branches are united to the lacuna: 
of the anterior portion of the intestine, 
while the branches of tlie left side are 
united to the lacun;e of the posterior 
portion of the intestine. Among these 
branches, the anterior one goes forward 
along the ventral side of the stomach and 
reaches the circular blood vessel, while 
the anterior branch to the posterior small 
intestine reaches the beginning of the 
large intestine and communicates with the 
capillary network found in its wall. 

Though the number of the commis¬ 
sures is three in normal adult forms, yet we frequently find it varies 
from three to seven. In the cases where the commissures are many, 
they are often anastomosed, and under such circumstance the exact 
number can not be determined. The diameter of these commissural 
vessels becomes smaller as the number increases, and, in general, the 
diameter of the central part of the commissure is larger, and the one 
which lies near the bend of the small inte.stine gives the largest 
diameter. The one which lies nearest the bend, or which gives the 
largest diameter, is called the first commissure, and the others are 
called the second, the third, and so on, according to the order of their 
position. The diameter of the central part of tlie first one is 0.2 to 
0.9 mm. according to the individual. 

The diagonal blood vessel is a vessel diagonally connecting the 
ventral surface of the posterior small intestine from near its bend to 
the beginning of the anterior small intestine. The origin of the diagonal 
vessel at the right side is always constant, being attached at the 
beginning of the anterior small intestine, but the attachment of the 
other end frequently varies, sometimes it is near the bend of the 
intestine, and sometimes at a branch of the first commissure, though, 
in the majority of cases, it comes between the first and the second* 
commissures. 

Gerould (2) describes that “ at the bend between the small and 



Text Fig. 4. Diagram to show 
the ventral i>locxl vessel. 
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iarge intestine there is a delicate sheet of anastomosing vessels/' but 
I am not able to find such a plexus of capillaries in C, chitensis. 
Gerould did not mention the existence of the diagonal blood vessel 
either in his description or in the plate, so I supjxjse it is lacking in 
C, arenata. It is worth noticing that this diagonal vessel, which is 
so characteristic and prominent in our species, is not found in the 
American species, C. arenata. 

Circular and radial blood vessels. 

The circular blood vessel (Plate 1, c. b. V.) is ring shaped and is 
situated around the pharynx, and at the posterior margin of the circular 
ring of the water vascular system. The cross section of this circular 
blood vessel is spindle-shaped, and the outer wall of this vessel is 
continuous with the circular ring of water vascular system. The dorsal 
and the ventral blood vessels, which come along the wall of the 
l^eristomachal sinus, become continuous with the circular blood vessel 
at the region of the dorsal inter-radius and of the ventral radius 
resjxictively. This circular blood vessel gives off the five radial blood 
vessels (Plate 2, Figs 4, 5, and 6, r. b. V.) which go forward along 
the inner surface of the radial water canal, and each of these gives 
three short, fine branches in company with the water canals of the 
tentacles. The radial blood vessels run along with the radial nerves 
(Plate 2, Fig. 4, r. N.) which come from the nerve ring at the anterior 
margin of the calcareous ring. All the structures just mentioned, 
together with the radial water canals, constitute the ambulacural 
system. The radial blood vessels run backward, and then o^Den into 
the median branches of the radial water canals in the anal papilla?. 
(Text Fig. 3.) 

The so-called muscular tubules or the muscle cylinders, which are 
present in the connective tissue layer of the body wall and are placed 
vertically to the surface, have been considered the blood vessels by 
some former investigators, but as far as my ob.servations go, these are 
not blood vessels but are muscles, as well fixed preparations show 
clearly the histolc^cal characters of muscle structure. 

Intestinal capillary lacunce. 

There are intestinal capillary lacunae which communicate between 
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the dorsal and the ventral vessels. (Text Fig. 2, c. 1.) These lacun.x* 
lie in the inner layer of the connective tissue of the small intestine, 
and give a red color to the small intestine due to tlie filling of the 
lacuna: with red corpuscles. 

Capillary network. 

The dorsal blood vessel ends at the connection of the small tand 
the large intestines, while the ventral vessels, an anterior branch of 
the last commissure, enters the large intestine a little distance beyond 
the ventral surface of the small intestine and communicates with the 
capillary net-work, which is situated in the inner layer of the connective 
tissue. This capillary net-work is roughly anastomosing and extends 
as far posterior as the tail end, and soon, after enveloping the tip of 
the C(elomic cavity, opens in the cpineural canal by many lacuna* 
that He between the circular muscle ami the connective tissue of the 
tail wall. 

The cpineural canal communicates with the radial water canals in 
the anal papilla:*, as described before, and, since the radial water canal 
opens into the perivisceral cavity through the circular water canal, 
which, in turn, opens to the stone canal (Plate 1, S.) and the madre- 
ix)rite. (Plate 1, Md.) The capillary network and the radial blocxl 
vessels ultimately connect with the perivisceral cavity by means of the 
radial water canal. The wall of the large intestine is not red in color 
<jwing to the presence of a smaller amount of blood in the capillary 
network. I met only one instance of the red colored blood vessel 
which goes backward along the ventral surface of the large intestine 
to the attachment of the water lungs, as was illustrated by Gekol'LD 
in his work in the plate, while normally it ends abruptly at the 
beginning of the large intestine. 

On the structure of the blood vessels and the 
intestinal lacuna:. 

The four kinds of blood ves.sels and lacuna: may be distinguished 
from each other according to the histological point of view: 1) The 

wall of the vessels, which consists of six kinds of tissue layers. 2) 
That which consists of two epithelial layers, 3) That which consists 
of a single layer of epithelium, 4) That which con.sists of lacun.x*. 
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1) The majority of the dorsal and the ventral blood vessels belong 
to this type of vessel (Text Fig. 5), and consist of an outer epithelial 

layer composed of one layer of cells (in 
the diagonal vessel the cells are cylindrical, 
though in all the other cases the cells are 
flat), a thin outer layer of connective tissue, 
a very thin layer of longitudinal muscle 
fibers, a layer of circular muscle fibers, an 

Text tig. 5. Diagrammatic 

section to show the wall Connective tissue, which is 

of the contractile hlotKi the thickest layer of all and in which often 
the lacunae containing red corpuscles are 
found, and a thin epithelial layer called 
the intima, 

2) The rete-mirabile belongs to this 
tyi3e and is composed of two epithelial 




T'ext Kig. 6. Diagram to 
show the cross section 
of a Copillary of the 
rcte-mirabile 


layers. I could not find any other tissue 
between these two layers (Text Fig. 6). 
This type gradually transforms into the 


former tyjxi as the rcte-mirabile aproaches 


the contractile vessel. 3) The very thin capillaries, a circular blood 


vessel, a radial blood vessel belong to this type (Text Fig. 7, c.). 4) 



Text Tig. 7. Crpss section ot the ambulacutal system to illustrate the radial blood 
vessel, (c.) 


The lacunae lie in the connective tissue layer. Their walls are identical 
with those of the capillaries or their anastomoses, therefore, I called 
them capillary lacunar. (Text Fig. 8, c. 1.) 
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Text Fig. 8. Cross section ol the connection of the large anti the small intestines 
to illustrate the ca[)illary lacuna*, (c. 1.) 

The part of the dorsal and the ventral blo(xl vessels which form 
the part of the wall of the peristomachal sinus, and the intestinal 
capillary lacun;e in the inner connective tissue of the small intestine 
belong to this type. The intestinal capillary lacunie are spaces of 
large size, though in the connective tissue layer of the large inte.stine, 
they are usually very small and anastomoses roughly. 

I examined with utmost care whether or not valves exist in the 
blood vessels, but thus far I could not find such structures in the 
blood vascular system of this species. 

COKPUSCI.ES IK THE PERIVISCERAL CAVITY, ^I'HK BI.fX)I) AND 
THE WATER VASCUI.AR SYSTEMS. 

From the morphological point of view, six kinds of corpuscles may 
be distinguished in the perivi.sceral cavity, the blood, and the water 
vascular systems: red, white, minute, brown, fusiform, and crystal 
corpuscles. 

a. Red corpuscles. The red corpuscles of Candina rc.scmblc those 
of vertebrata in color, being pale green (Plate 3, Fig. 1, a.) when 
seen singly, but crim.son lake or maroon color when massed together. 
The normal red corpuscles are round and biconvex and the diameter 
of the corpuscles is 10-12/i and their thickness 4-6/i. The corpuscles 
found in the t)erivisceral cavity and in the water canals are usually 
spindle in shape and show many other irregular forms. The irregular 
corpuscles send off one or several processes from the poles, and on 
account of the presence of spindle formed corpuscles in the perivi.sceral 
cavity, are often taken by casual observers as the normal form of red 
corpuscles. Among the spindle-shaped corpuscles the larger specimens 
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measure 18x10//, while the smaller measure 12x7// and the lenjjth 
of its process is often three times the length of the greatest diameter 
of the corpuscles. The process resembis the flagellum of unicellular 
organisms. However, it is more proper to consider it a mere process, 
because it becomes short when treated with hypotonic salt solution, 
owing to the expansion of the cell body by osmotic pressure. 

Further more I have not directly observed the neoformation of the 
process outside the cell body. For these reasons I think that the 
process is neither a flagellum in its structure nor is it a pseudopodium, 
as I have not noticed any active motion, as for instance, one find in 
the anKeba. 

In the center of the corpuscle a bright yellowish brown granule, 
2~4/i in diameter, (Plate 3, Fig. I, a.) is usually found but in some 
instances it is either totally absent or two arc found. This granule is 
easily mistaken for a nucleus from its similar shape. The usual form 
of the granule is round, and I rarely saw them much larger in size 
or constricted in shape. In my opinion, it is highly probable these 
granules are what Df.nov (3) described as the “ highly refractive 
particles'' in the red corpuscle of C. coriacea, I sometimes observed 
a few little colorless granules, 1-2// in diameter, together with ordinaiy 
granules in the red corpuscles of the blood vessels. 

When we fix the corpuscles with various kinds of reagents, we 
see a clear spherule in the center of the corpuscle which can not be 
seen in the fresh material. However, its presence becomes evident 
when the corpuscle is cither dead or in .stale. This clear spherule is 
well stained by Dclafield’s haimatoxylin, but not at all by eosin (Plate 
3, lug. 5, a.) and organge G; the methyl-green-pyronin stains it a 
violet color; (Plate 3, Fig. 3, a.) May-Greenwald*s method stains it 
also a violet color but the center of the spherule remains unstained; 
(Plate 3, Fig. 2, a.) Giemsa’s method stains the spherule a blue color. 
(Plate 3, lug. 4, a.) 

From these observations I conclude tliat this clear spherule is the 
nucleus. Gerould found the nucleus of Caudina arenata to be a 
yellowish brown granule. I further conclude that the portion in the 
nucleus unstained by May-Greenwald's method corresponds to a 
nucleolus. 

From the fact that the red corpuscles are well stained by the 
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alcoholic solution of eosin, except a nucleus and a surface zone, (Plate 
3, Fig. 6, a.) I think that the corpuscle has an exosoma and an 
endosoma, and that the process belongs to the former. The plasma 
of the corpuscle is not stained by Delafield's haiinatoxylin, but be¬ 
comes reddish sepia by mcthyl-green-pyronin, a pretty crimson lake 
by May-Greenwald’s, (Plate 3, P'ig. 2, a.) and a pink color by Giemsa’s 
method. The yellowish brown granules are always unstained by any 
method so far applied.. 

In the blood vessels onl)” round and biconvex red corpuscles are 
found, while in the water canal spindle-shaped corpuscles are chiefly 
found, though the processes are totally absent or arc v^ery short, and 
only a few round biconvex corpuscles. In the i^rlvisceral cavity the 
number of round and biconvex corpuscles extremely small and the 
spindle or other irregular shajxid corpuscles, with long processes, are 
chiefly found. From the average count on 20 individuals I found that 
the number of red corpuscles in the blood vessels runs as high as 
660,000, in the polian vesicle of the water canal 800,000 and in the 
perivisceral cavity 180,000 per 1 cmm. 

Caudina can not live in the aquarium over 1 or 2 weeks even a 
favourable temperature, though the real causes of death have not yet 
been determined. It occurred to me that the determination of the 

Text Fic;. 9. 



Date in days 
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number of corpuscles during these |)eriod may be of some interest in 
the further study of this important problem. For this purpose I 
examined three or four individuals daily and obtained the results shown 
in the text fig. 9. We notice that the number of red corpuscles in 
the blood vessels increases during the first seven days of captivity, but 
we must wait for further careful investigation before we can state the 
meaning of this increase. 

b. White corpuscles with spherules. The white corpuscles in 
normal condition measure 10-16^«i in diameter. They contain many 
colorless spherules 1.5-2/i in diameter, and show movement on the 
slide glass by means of lobe-shaped pseudopodia. (IMate 3, Fig. 1, b.) 
There is .still another kind of corpuscle which moves more activly and 
in which the spherules are more sparsely distributed than in the white 
corpuscles with spherules, described above, and these show much more 
irregular forms. These two kinds of corpuscles may have a genetical 
relation to each other as is indicated by the identity of the staining 
reactions. The white corpuscles are not stained at all by either cosin 
or orange G, but spherules are stained dark violet by Delafield’s 
haimatoxylin, violet blue by May-GreenwaUrs method which a few 
vacuole-like spherules are seen without any color, (Plate 3, Fig. 2. b.) 
reddish violet by methyl-green, (Plate 3, Fig, 4, b.) and also violet by 
Giemsa’s method. 

I think the white corpuscle with spherules is basophilic, with the 
exception of the methyl-green reaction. In the wall of the alimentary 
canal and in the inner layer of the connective tissue of the body wall 
there are many wandering cells. As these cells contain eosinophilic 
spherules they may be a kind different from the white corpuscles, 
though the forms resembl<? each other. But Kindred's investigation 
(4) on Arbacia sp, suggests that even the.se two kinds of corpuscles 
just mentioned may be related genetically. The average number of 
white corpuscles is 70,000 per 1 cmni. 

c. Brown amoeboid corpuscles. The brown amoeboid corpuscles 
e.xhibit an irregular form, contain many brown spherules in a colorless 
plasma (Plate 3, Fig. 1, d.) and possesses several spine-shaped pseudo¬ 
podia. This corpuscle moves actively and is smaller than the red 
corpuscle. The average number of these corpuscles per cubic centimeter 
is found to be 6,000. These corpuscles are contained in the perivisceral 
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cavity and in the water canal, but not in the bl(X)d vessels. The 
spherules of these corpuscles are stained black in color by May- 
Greenwald’s method, brownish black by mcthyl-green-pyronin and a 
nucleus-like substance is also seen by this method, brownish black by 
Delafield’s hematoxylin, black by Giemsii’s method, and unstained by 
eosin. (Plate 3, Pigs. 2, 3, 4, d.) 

d. Crystal corpuscles. II. Theel (5) observed crystal corpuscles 
in the ccelomic fluid of Cucumaria lactea, C, elongata^ C. hyndmani^ 
and Thyone fusnst and he quoted in his pajxtr that Semper (1864) 
has inve.stigated the crystal corpuscles of TJiyonidium cebueme, Cucu¬ 
maria cancacenst Holothiiria coluber^ etc. I also found crystal corpuscles 
in the Cfplomic fluid of Candina chilensis, but never in the water canal 
nor in the blood ves.sels. The crystal corpuscle is a transparent cell 
which contains a colorle.ss rhomboidal crystal 8-10// in long axis, 4-5/i 
in short axis, and 2-10/i in height. 

Sometimes I saw the crystal was double (Plate 3, P'ig. 1. e.), and 
it is always situated on one corner of the cell body and in the center 
of it is found a small bright granule. The crystal did not change at 
all even when it was heated in the flame of the gas burner. The 
plasma of the cell-body is stained red by eosin when fixed with dry 
heat, and violet by May Greenwald’s method, but the crystal can not 
be stained at all. 

e. Minute corpuscles. Colorless, small corpuscles, measuring 1-4/4 
in diameter in which any structure can not be seen (Plate 3, P'ig. 1, 

f.) resemble minute hyaline corpuscles from the ccelomic fluid of 
lltyonc fusHS^ which Theel described. Theel said about these 
•corpuscles that “ they are probably to be considered as protuberances 
or remains of them, disentangled from the bl(X)d corpuscles ” and I 
suppose they may be the nuclei of disintegrated red corpuscles, though 
the reaction of the staining differs from the staining of the nuclei found 
in the cell-bodies. These are stained red by eosin, dark reddish violet 
by methyl-green-pyronin, light violet by May-Greenwald, and violet 
by Giemsa’s method. (Plate 2, Fig. 3, f.) 

f. Fusiform corpuscles. The fusiform corpuscles arc colorless and 
exhibit no definite structure. They measure 10-30/i in length, and 
3-8,4/ in width and are commonly found in the water canal, and in 
some cases, in the ^xirivisceral cavity, but never in the blood vessels. 
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Theei. said that it is probably a fragment of shattered tissue " 
to which explanation I also agree. This is iinstainable by eosin and 
Delafield's hajmatoxylin, but is stained reddish violet by Giemsa, methyl 
green and May-Greenwald's method. (Plate 2, Figs. I, 2, 3, 4, c.) 

Beside these corpuscles I observed masses of thrown colored 
spherules both in the blood vessels, and the perivisceral cavity, especially 
in the polian vesicle. Ilowiiu. (6) found them also in Cuctmiaria sp,, 
but he could not find the meaning. Gerould (2) said in Caudina 
arenata that these masses may be an excretory product. I have no 
opinion about this except that the mass is much like the brown 
granules which are normally present in the center of the red corpuscle 
not only in form and in size but even in the staining reaction. 

Cf)AGULATION. 

I could not sec the coagulation of the ctjelomic fluid or even of 
the bkxxl in C, chilensis though Tiieel found this phenomenon with 
the blood of Mesothuria intestinalis. Howell (6) observed in the blood 
of Cucumaria sp. that specimen of the perivisceral fluid allowed to 
stand in watch-glavSS an imperfect coagulum, the corpuscle setting to 
the bottom as a membranous like sediment, and the imperfect coagulum 
is formed by the fusion of the amceboid white corpuscles or of thick 
pseudopodia which arise from them.” I experimented with the ccelomic 
fluid of C, chilensis and found that when the corpuscles arc deposited 
for a few minutes a membrane-like sediment is formed at the bottom, 
but it is so feeble that it broke at once when I shook the vessel. 
But as I did not see that any plasmodium was formed by white 
corpuscles, some other coagulable substance may be present in the 
fluid. 

The white corpuscles make a mass mixed with the red corpuscles, 
and I sometimes saw many such masses of various sizes in the fresh 
ccelomic fluid, though not very often. This mass docs not seem to 
increase in size when the ccelomic fluid which contains it is left aside 
for a while. Goodrich (7) reported that the plasmodia of invertebrata 
serves not only to close wounds, but also to surround foreign ()aiticles 
or parasites too large to be dealt with by a single leucocyte. 
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COURSE OF THE CIRCUI^TION OF THE BLOOD. 

Athough the fluid in the blood vessel, in the water canal and in 
the iDcrivisceral cavity shows a red color, the corpuscles contained in 
the fluids arc different according to the place located, as is shown in 
Table 1. 



Table 

1. 


Blood vessel | 

Water canal 

Ctelomic cavity 

Red corpuscles 

»* t „ 

1 


White corpuscles 

»• 

1 

1 

I* 

Minute corpuscles 


$$ 

1 

if 

Brown corpuscles 

— 


t» 

Fusiform corpuscles 

— ' 

»» 

»l 

Crystal corpuscles 

i 

— 

If 


The brown, the fusiform, and the crystal corpuscles are not found 
in the blood vessels, and the crystal corpuscles are alone absent in the 
water canal, while all kinds of corpuscles are present in the ccelomic 
cavity. 

From this relation, it may be supposed that the blood flow (x:curs 
from the blood versel to the ccelomic cavity through the water canal, 
viceversa. 

la order to ascertain the direction of the blood flow, the body was 
opened and the vascular system of the madreporic jwrtion was studied 
by means of a biocular microscoiDc, and I could observe several times 
the blood flow into ccelomic cavity from water canal through the 
niadreporite, therefore it is supposed that the blood flow occurs from 
water canal to the ccelomic cavity, but not to the blood vessel. 

I attempted to determine more, precisely the normal course of the 
blood circulation by observing it directly from the surface of the vessels 
or by injecting many kinds of dyes or other suitable stuffs into the 
perivisceral cavity and into the blood vessls. 

In the first place I injected the following materials into the peri¬ 
visceral cavity from the body surface in order to determine whether 
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or not the fluid of the perivisceral cavity enters either the water canal 
or the blood vessel. 

Chinese ink dissolved in isotonic salt-solution. 

Carmine solution in isotonic salt-solution. 

Beale’s Prussian blue. 

Ranvier’s Prussian blue glycerin mass. 

Salt-solution in which red corpuscles stained with eosin were mixed. 

I did not sec any of the dye stuff at all entering the water canal 
or the blood vessel. I, however, found many stained corpuscles 
attached to the surface of the madreporite, which may be taken to 
indicate that the fluid entered the water canal from the perivisceral 
cavity. In the next place, I observed the blood flow from the surface 
of the blood vessels. As the rete-mirabile forces the blood forward to 
the afferent vessel by the pulsatory movement of the constriction of 
the capillaries, the afferent part of the contractile vessel expands^ as 
is shown in Text Fig. 10 from a to u. The pulsation of the afferent 
vessel gradually moves on to the efferent and then into the intestinal 
lacuna;. (Text Fig. 10, c.) 

The pulsation or expansion and contraction occurs in irregular 
intervals, as for each pulsation the time required varied, for iastance, 
26^ sec. 24f sec. 46 sec. 26| sec. 49| sec. etc. 

During the pulsation of the contractile vessel, a small quantity of 
blood from the efferent enters the afferent, because the blood vessels 
have no valves to prevent such reverse course. 



Text Fig. 10. llluBtration of the pulsation of the contractile vessel. 


I then attempted to determine the direction of the blood flow by 
slowly injecting Fol’s metagelatin mixed with Chinese ink from man}* 
portions of the blood vessiels. 
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1) I injected this gelitine solution towards the afferent or towards 
the efferent vessels from the center of the contractile vessel and 
-observed the entrance of the solution into the intestinal lacunae of the 
posterior part of the small intestine by the pulsation of the contractile 
vessel. I always saw an entrance of a small quantity of the solution 
into the afferent vessel, but it never reached the rete-mirabile. Thus 
the gelatine reaches the lacunae of the anterior intestine through the 
commissures and the diagonal vessel, and especially in the last vessel 
reaches quickly the beginning of the small intestine, and then comes 
back to the contractile vessel from the intestinal lacunte and from the 
rete-mirabile. It took 30 to 40 min. to circulate. 

2) Injecting into the first commissure near the posterior small 
intestine toward the anterior small intestine, I saw the stuff entered 
the lacunne of the latter from the commissure, and, at the same time 
some enter the same lacunae from the other commissures by way of 
the ventral side of the posterior small intestine and thus both parts of 
the intestine became black, at first the ventral then gradually, the 
dorsal side. 

3) I injected from the anterior ventral blood vessel which lies 
under the stomach towards the circular blood vessel, and observed, in 
the first place, a large quantity of the stuff enter the lacunse of the 
anterior small intestine, and then proceed to the lacunae of the 
posterior small intestine, though only a small quantity of it took the 
opposite course towards the circular blood vessel. 

4) The injection of the stuff into the diagonal blood vessel near 
the anterior small intestine in the direction of the posterior shows that 
it reached the posterior small intestine by way of the diagonal vessel 
and then the stuff proceeded to the anterior small intestine by way of 
the commissures. 

The direction of the normal blood circulation is, as the above 
•experiments show, perfectly definite, though on account of the absence 
of a valve, some small quantity of blood may sometimes take a 
reverse course. This normal direction just mentioned is that shown 
in Experiment 1. 

A small quantity of the stuff which reached the ventral blood 
vessel, which lies on the wall of the peristomachal sinus, eot^cd the 
peristomachal sinus and then the lacuna: of the reproductive organ 
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by way of the lacunae of the wall of peristomachal sinus, and finally* 
arrived at the circular blood vessel. 

The ink could not enter the dorsal vessel on the wall of peri¬ 
stomachal sinus on account of its very slender diameter, but it seems 
highly probable that the blood which comes from the ventral blood 
vessel enters the dorsal vessel, passing through the circular blood 
vessel. Because the diameter of the dorsal blood vessel is smaller 
than that of the ventral vessel, especially as it becomes smaller near 
the circular blood vessel, and this dorsal vessel communicates posteriorly 
with the afferent blood vessel, I consider that a part of the blood in^ 
the circular blood vessel, which comes from the ventral, runs posteriorly 
to the dorsal blood vessel and that this vessel becomes gradually larger 
by collecting the blood which comes along the wall of the peristomachaf 
sinus from the ventral vessef,” until, at last, the blood enters the 
afferent vessel. 

From the fact that I many times saw the red corpuscles present 
in the peristomachal sinus and from the fact that the experiment shows 
that ink can enter there also, it seems probable that a small quantity 
of blood may be able to pass the peristomachal sinus, the peripharyn¬ 
geal sinus, and the coelo-peripharjmgeal connection from the ventrat 
blood vessel, which lies on the wall of peristomachal sinus, and may 
ultimately enter the ccelomic cavity, as these show anatomical 
connection. 

We have shown in the experiments given that the stuff failed to 
go forward from the circular blood vessel on account of the presence 
of a large quantity of blood plasma, but from the anatomical point of 
view, the blood can enter the radial water canal through the radial 
blood vessels at the posterior extremities of the anal papillae. (Text 
Fig. 3.) I believe the blood, though its amount may be small, normally 
goes to the radial water canal through the capillary network of the 
large intestine, since this network connects anteriorly with the ventral 
blood vessel and posteriorly with the radial water canal. 

In a word, there are two blood circulations in Caudina chilmsis^ 
the one circulates around the visceral oi^ans, and the other circulates 
to. the perivisceral cavity from the coelo-peripharyngeal connection and 
from the madreporite through the radial water canal and the circular 
water canal. 
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Text Fig. 11. 



Dtasram to illustrate the blood.circulation of CamH/ta chikum. 
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CONCLUSION. 

From the above investigations, the relation between the perivisceral' 
cavity, the blood, and the water vascular systems is shown diagram- 
matically in Text Fig. 11. 

I consider it is very significant not only from phylc^enetic stand¬ 
point, but also from physiological point of view, that the perivisceral 
cavity is continuous with the exterior by means of the five C(elo-anal 
canals which I have discovered. 

Further careful physiolc^ical investigations arc required to explain 
why the brown, the fusiform, and the crystal corpuscles are absent in 
the blood vessels, despite the fact that all kinds of corpuscles are 
present in the perivisceral cavity. 

The reasons for the presence or the absence of some forms of red 
corpuscles in each of these three portions mentioned needs further 
investigation. 

Before leaving the subject, my warmest thanks are due to Prof. 
S. Hatai, and Prof. S. Hozawa for the valuable suggestions which I 
have received from them for this investigation, and I am also indepted 
to Assistant Prof. S. Nomura and to Assistant Prof. S. Kokubo for 
their kind advices during my stay at the Asamushi Marine Biological 
Station. I also wish to thank to Prof. M. Tahara for his advice and 
suggestion while I was taking the photo-micrc^ 3 ^ph. 
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Explanation of Plates, 
plait: 1. 


General anatomy of Caudina chilensis. 


A. Anus. 

Md. 

Modreporite. 

A. s. i. Anterior small intestine. 

Pa. 

Pharynx. 

a. e. V. Anterior efferent vessel. 

P. .s. i. 

Posterior small intestine 

a. V. Afferent vessel. 

p. c. V. 

Posterior efferent vessel. 

c. R. Calcareous ring. 

P. 

Polian vesicle. 

c. b. V. Circular blood ve.s.sel. 

U. c. m. 

Radial cloacal muscle. 

Co. Commissure. 

R. 

Rete-mirabile 

d. B. V. Diagonal blood vessel. 

r. T. 

Respiratory tree. 

G. p. Genital papilla. 

St. 

Stomach. 

g. O. Genital organ. 

S 

Stone canal. 

L. m. Longitudinal muscle. 

Tl. 

Tail. 

L. i. l.arge intestine. 

T. 

Tentacle. 

M. Mouth 

1. A. 

Tentacular ampulla. 

Me. Mesentery. 

W. 

Circular water canal. 


PJATE 2. 

Fig. 1. Longitudinal section through the buccal cavity, showing the C(cU»-peripharyn- 
geal connection. x20< 

Fig. 2. Cro.s.s section, the same. x60. 

Fig. S. Section of the rete>mirabile showing the relation between it and the respira¬ 
tory tree. X 20. 

Fig. 4. Ixmgitudinal section through the buccal region, showing the ambulacural 

system, etc. x60. 

Fig. 6. I.ongitudinal section thmugh the ix).>terior termination of the tail, showing 
the anal papilla and the ca*lo-anal c.'inal. 

X30. 

Fig. 6. The same, as Fig, 5, but e.speciaUy showing the connection Ijctween the 
perivisceral cavity and the anal opening through the coelo-anal canal. 
x200. 


Ept. 

Epithelium. 

c. R. 

Calcareous ring. 

Spi. 

Spicule. 

T. Am. 

Tentacular ampulla. 

C. T. 

Connective tissue. 

P. P. S. 

Peripharyngeal sinu.s. 

h. n. C. 

Hyponeural canal. 

N. R. 

Nerve ring. 

e. n. C. 

Epineural canal 

R. M. 

Rete-mirabile. 

M. 

Mouth. 

Ph. 

Pharynx. 

r. W. C 

Radial water canal. 

c. p. C. 

Coclo-periphoryngeal connection. 

r. b. V. 

Radial blood vessel 

c. p. p. 

S. CcL'lo-peripharyngeal septum. 

r. N. 

Radial nerve. 

c. a. C. 

Cnelo-anal canal. ^ 
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cir. M. 

Circular muscle. 

a. P. 

Anal papillce. 

long. M. 

I/mgitudinal muscle. 

A. 

Anus. 

T. 

Tentacle. 

r. N. ex. 

External band of radial nerve. 

p. V. c. 

r. T. 

Perivisceral cavity. 
Respiratory tree. 

r. N. i. 

Internal band of radial nerve. 


PLATE 3. 

Fig. 1. Fresh material from the i^rivisceral cavity. 

Fig. 2. Fixed .and stained by May-Greenwald’s method. 

Fig. 3. Fixed ami stained by methyl-green-pyronin. 

Fig. 4< Fixed and stained by Gicmsa*s method. 

Fig. 5* Fixed and stained by alcoholic eosin solution. 

a. Ked corpuscle. 

b. White corpuscle. 

c. Fusiform corpuscle. 

d. Brown corjmsclc. 
c. Crystal corpuscle, 
f. Minute corpuscle. 
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Physiological Characteristics of Caudina Muscle, 
with some Accounts on the Innervation.'^ 

Bv 

Lieu Tao. 

(I’sychialric Lalxiratory. Tokyo Imperial University.) 

1. The lenf^hemng reaetion. Loading contractute : Heat rigor and contraetiHlity with 
regards to temperature : On the normal state of mwicle in body, 

2. Spontaneous rhythmical contraction. 

3. Stimulation phenomena : Induction shocks^ frequent imtuction stimulation; Latent 
time; Transndssion of contraction; Constant current; On the factors which 
accelerate the relaxation ; fatigue phenomena and lengthening ejfects. 

Bieuermann*^ has inve.stigated the muscle physiology of llolothuria 
and Synapta, especially their stimulation phenomena. Jordan®^ ex¬ 
amined mainly the lengthening reaction of Holothuria and Stichopus 
muscles and teguments with regard to the nervous influence upon 
them. The material used in the pre.sent investigation was Caudina 
chilensis Mui.ler, collected from a shallow beach near Asamushi 
Marine Biological Station. The five longitudinal muscles of Caudina 
chilensis are connected to the body wall by many fibrous membranes, 
which are parallel to each other but vertical to the axis of the 
longitudinal muscle. The circular muscle bands are attached directly 
to both sides of these membranes. The longitudinal muscles can l>e 
easily isolated, though circular muscle bands are difficult, and in the 
latter muscle the tegument always adheres to the sample. According 
to Geroulo,^^ the muscle of Caudina arenata has the typical structure 


O A contribution from the Marine Biological Station, Asamuslii, Anmori-Ken. 

2) W. Bikdermann, Zur Physiologic der glattcn Muskeln, Ptl. Arch., Bd. 46, 1898, S. 
898. 

3) H. Jordan, i)l3cr reflexarme Ticre, IV. Holothurien, Milt, I. Die Holuthurien als 
hohlorganartigc I'lere und die Tonusfonktion ihrer Muskulatur, Zool. Jahrb., Bd. 84, 
1914; Mitt. TI, Die Reizl)arkeit und der Einfluss dcs zentralen Nervensystems auf 
die Muskulatur und die muskelflhnlichefi Fasern der Haul (auf Erregborkeit und 
Tonusfunktion), Zool. Jahrb., Bd. 36, 1919, S. 109. 

'*> J. H. Gerouuj, The anatomy and histology of Camiina arena/a Gouldt Bulletin of 
the Museum of Comparative Zoology at Harvard College, Vcd. 29, 1896, p> 124> 
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of smooth muscle and the length of a single fiber, under ordinary 
conditions of relaxation, is stated to vary from 0.6 to 0,7 mm. 

The tegument of Caudina chil^isis has a total thickness of about 
1.5 mm. in adult individuals, and thus this species belongs to the 
Holothuroidea having a thinner tegument. Whether this species pos¬ 
sesses any muskelahnlichc Fasern der Holothurienhaut ** in Jordan’s 
sense, is questionable, unless we admit the elastic fibers of the con¬ 
nective tissue to be muscle-like fibers. My preparations, which were 
stained with several modified van Gieson’s methods, show the staining 
reaction of the connective tissue layers of Caudina and Stichopus, 
which differ clearly from the wall musculature, with the exception of 
tlie muscle cylinders, though both contractile and tonus muscles of 
bivalve molluscs show a similar staining reaction. The muscle cylinders 
in the connective tissue layer seem to play no part in the shortening 
or the lengthening of the tegument. 

As it is technically difficult with Caudina to preserve the radial 
nerve intact when the tegument is removed from the muscle, the effect 
of the presence of the radial nerve upon the lengthening reaction of 
muscle, as well as the stimulation of the radial nerve, is not investigated. 

I have not yet tested whether the tegument of Caudina possesses 
the characteristics of tonus muscle, as Jordan and, recently, Uexkuu,’^ 
tried to prove the presence of such a reaction on Holothuria and 
Stichopus tegument. 

The central nervous system of Caudina, according to Gkrould’s 
research on Caudina aretiata, is composed of the nerve ring and five 
radial nerve bands, as other Holothuroidea. The outer band arises 
from the nerve ring, but the inner band disapix:ars entirely, as a band, 
immediately po.sterior to the junction of tlie outer band with the nerve 
ring. Although it is difficult to determine the exact distribution of the 
peripheral nerves arising from the radial nerve bands, it can be di.stinctly 
seen that the inner band distributes fibers to the transverse and the 
longitudinal muscles of the body wall, whereas the outer band chiefly 
innervates the tegument. The nerve net system of Caudina consists 
of the sensory cells of the epithelium, subepithelial nerve plexUs, and 
the layer of nervous tissue which is just above the transverse muscles 

1) J. V. UKXKl)f.i, Die Sperrmuiknlatur der Holothtirien, PA. Arch., Bd. 213, 1926, S. 1» 
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of the body wall. Gerould’s observation on the connection of both 
systems is still obscure, except that there are isolated fibers from the 
tentacle nerves connected with the subcpithelial ganglionic cells. 

As shown in the preceeding pages, from a physiolqgical ground there 
must be nervous elements which possess the propertic?s of transmission 
of contraction, of rhythmical contraction, and of acceleration upon 
relaxation. But which nervous elements are responsible in performing 
these various functions mentioned above can not be detennined from 
the anatomical standpoint alone. 

As a physiological solution, ordinary sea water was used. It was 
found that the various salts, as well as the osmotic pressure of sea 
water, differs but very .slightly from those found in the tody fluid 
of Giudina.*^ In sea water the contractibility of mu.sclcs remains 
unchanged for a period of 4-6 hours at least; besides no marked 
increase of the stimulus threshold was observed. We may anticii>ate 
in the future still better artificial physiological solutions based on the 
chemical composition of the tody fluid. 

The induction stimulation was applied in a muscle-trough, though, 
at the time of stimulation the sea water was emptied out. For the 
monopolar constant current stimulation, a whole body of Caudina or 
an excised muscle was laid on cotton, as an indifferent pole. The 
cotton was saturated with sea water, and the object was stimulated 
by either a platinum electrode or an unpolarizable electrode. Constant 
current stimulation of excised muscle was accomplished with a fluid 
electrode, which is composed of a series: Zn, saturated solution of 
ZnSO^, 6-10 9^ KCl-gelatinc, and sea water. The length of the mu.scle 
was measured for the mo.st part by a lever and kymograph, and also 
by a horizontal telescope for correction. In Tables 1 and 2 the true 
length is given, others have a magnification of 4.6 times. 

I wish to express here my sincere thanks to Prof. S. Hatai. who 
sugge.sted the problem and under who.se kind guidance and encourage¬ 
ment the present investigations were carried on at Asamushi Marine 
Biological Station during the summers of 1924 and 1926. 


1) K. Okazaki imd T. KtuzuMi, Ober di« Leil^GhlenflUssigkeit von Hololhuricn, 
Caudina efnUHsis*^ Science Keports of the Tohoku Imperial University, Vol. 2, 1926,. 
p.139. 
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I. The iens^theoing: reaction. 

Caudina muscle shows the general equilibrium reaction of an elastic 
body in the instants of loading as well as of unloading. Furthermore 
the lengthening reaction is characteristic of smooth muscles in the case 
of continual loading. The contracted Caudina muscle shows a very 
small amount of relaxation as long as it is left unloaded, though it 
begins to lengthen on the slightest loading. 

For the lengthening reaction with reference to time, the following 
empirical formula is appropriate, as far as the initial equilibrium reaction 
and the loading contracture are exclusively concerned: 

— 

p ), 

where lengthening per unit length in cm; /, time in min.; and 
are coefficients, 7j is a quantity concerning the initial rate of 
lengthening. The values of the coefficients were determined from the 
values given by any three appropriate jxjints. 


Taule 1. (Fig. 5, d; longitudinal muscle pair; middle 
portion; 25®C; /, 1; v, 0.077; m, 0.0074; load, 1.3 gms). 
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0 

0.61 

0.86 

1.00 

1.16 

1.30 

1.41 
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1.59 
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1.74 

J, (calculated) 

0 

0.61 

0.83 

1.14 

1.26 

1.36 

1.43 

1.61 

1.69 

1.07 

1.74 


For comparison, I tested the lengthening of frog muscle against 
loading, and found the same formula is suitable, putting ;;/~0: 

L^p ( 1 -^““^ ). 

Table 2. (Fig. 1; Frog sartorius, excised; in Ringer’s 
solution; 27*C; /, 0.115; 7 % 0.0076; ;/i, 0; load, 2.6 gms). 
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0.114 0.114 

0.1144 0.1147 


The values of the coefficients vary according to the initial “ hard¬ 
ness of the excised muscle, which depends on the duration of the 
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stay in sea water before loadingi and certain other factors. Conse¬ 
quently, the lengthening curve as a whole, with the exception of the 
loading contracture (see page 271), may be divided into the two forms : 
plastic form, having a greater value of m and a smaller /, v ; and 
elastic form, having a smaller value of /;/ and a rather greater /, v. 
The caudina muscle, in a state of rigor produced by means of either 
distilled water or lieat, shows the complete elastic form of lengthening,, 
as in the case of the skeletal muscle of the frog. 



Fig. ]. Excised frog sartoriuH, load, 2.6gn)s. 

Caudina muscle gives a marked shortening as soon as it is put 
into distilled water, then it lengthens in complete elastic form, tending 
to a finite length. (Fig. 2) Such muscle, of which the lengthening 
rate became nearly equal to 0, if placed into the sea water again 
begins to lengthen anew, but tends to have another finite length 
(complete elastic form). 



Fig. 2. l^engthening of Caudina muscle in distilled water; middle portion of right 
ventral longitudinal muscle; load, l'.agm.s. 
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Fig. 3 shows four lengthening curves in which the muscle was 
loaded with weights 0.3, 1.3, 2.6, 3.9 gms. respectively from which it 
is obvious that the values of which represents approximate value 
of angles of asymptote, varies nearly proportionately with the given 
weight. 

cm. 



Fig. 8« Anterior and middle portion of mid-ventral longitudinal muscles. 


During a lowering of temperature, Caudina muscle shortens as long 
a.s the cooling is in advance, but lengthens if the temperature stays 
constant. 

The lengthening of Caudina tegument is approximately linear against 
continual loading and shows no tendency to reach a finite length. 
(Fig. 4) Under an equivalent loading, the longitudinal and the circular 
muscles with the tegument give nearly half the amount of lengthening 
as compared with the lengthening of muscle and tegument alone, and 
exhibit, in general, a more elastic form. It is conceivable from this 
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fact that the amount, as well as the character, of the connective tissue 
contained in the muscle is influencing the lengthening reaction of the 
muscle. 



Kig. 4* Cumlina tegument; lengthwi^ie, radial liaml; load, 1.3gms. 



Fig. 5. Middle portions of different longitudinal muscles; j, sectional area in cm*; 
load, 1.3gms. S: 0.08; 0.08; r, 0.07; d, 0.06; 0.06; /, 0.06. 

Loading contracture* Caudina muscle often shows a sort of con¬ 
tracture even after a quite gentle application of load, which is charac- 
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terized by very slow rates and a small amount of contraction and 
relaxation as compared with the cases of mechanical or electrical 
stimulation, and at times the relaxation takes place ver>' slowly so 
that the curve as a whole is concurve to the Z-axis. (Fig. 6) This sort 
of contracture was briefly described by Jordan (1919) on Holothuria 
muscle as a phenomenon of muscular nature under loading without 
radial nerve. This “ loading contracture mentioned above may also 
be considered as a muscular reaction against the “ Dchnungsreiz 
{Sirauh)^ which is a muscular reaction similar to the re-shortening due 
to unloading. 

The laiding contracture is prominent in muscle which was taken 
from the middle portion and from larger individuals. According to 
Hozawa,'^ specules are found more abundantly in the middle portion 
of longitudinal muscles and decrease towards toth terminals, and, 
furthermore these specules are not found in small individuals. Accor¬ 
ding to these parallel facts, the presence of specules may be somehow 
related to the loading contracture in favoring conditions for such a 
muscular reaction, but to make a definite statement requires further 
investigation. 

HEAT RIGOR AND CONTRACTIBILITY WITH REGARD 
TO TEMPERATURE. 

The lengthening of the longitudinal muscle with increasing tem- 
ix:raturc ceases at about 40'*C and turns into slow shortening, which is 
gradually intensified till it reaches 65*-70®C, where the shortening 
reaches maximum. Lengthening occurs no more after the temperature 
reaches 40®C. In this experiment the weight of the load was 
1.2 gms.-^ 

Caudina tegument (lengthwise) lengthens with increasing tempera¬ 
ture but marked shortening takes place at 62'’--64®C which process 
continues, as the temperature rises further. The circular muscle with 

V Private communication. 

2) ^ch lengthening was consklcrecl as the effect of loading by varit>us authors (Bhodik 
and RicifARi>s<>N). Vkrnon considers it also as a physical phenomenon rather than 
as an inherent muscular pro{)erty. 

H. M. Vernon, Ilcat rigor in cold blooded animals, J6ur. of Pliysiol., Vol. 24, 1899, 
p. 289. 
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teg 74 ment presents aiso a similar reaction at the same temperature. On 
the other hand, the longitudinal muscle does not show any marked 
shortening in the same range of temperature. Consequently this 
shortening may be taken as a characteristic of the tegument rather 
than of the muscle itself. In the neighbourhood of 65‘’-70^C, the 
tegument bends toward the circular muscle, indicating a shortening of 
the muscle and not the tegument. Therefore circular muscle differs 
in no way from longitudinal muscle in this regard. 

Contractibility against induction stimulation disapix^ars cither below 
tVe or atove 4()®C. ^ 

ON THE NORMAL S'l ATE OK MUSCLES IN THE BODY. 

liovARi)'^ has shown on earthworm that after cutting the nerve, 
the region immediately behind the cut showed an enlargement of the 
segments. There the circular muscles seemed to have lost their tone 
due to the cut to an extent of from 3 to 6 segments. This enlargement 
behind the cut region disappeared as the normal reactions returned. 

I, however, obtained a reverse result on Caudina from a similar 
exixiriment in which I cut one or all (five) radial nerve regions through 
the body surface, being careful not to injure the muscles, and observed 
that there was a local contraction for several hours of both the circular 
and the longitudinal muscles within a range of 1.6-2 cm. jxisterior to 
the cut. If, however, only one nerve is cut, the contraction of the 
circular and the longitudinal muscles is limited to that locality. This 
local contraction .soon becomes indistinguishable, owing to the gradually 
increasing contraction of the whole body, just as when Caudina receives 
a severe injury. 

There must be, therefore, an important difference between earth¬ 
worms, on one hand, and Caudina, on the other, concerning the normal 
state of the muscles, because, as these experiments show, the earthworm 
muscle in the normal state has a tonus due to the innervation, while 
the existence of such tonus is questionable in the Caudina muscle. 

The cutting open of the body wall of Caudina is followed by the 
instantaneous relaxation of the entire body, which turns, at the next 

J. K. IJovARl*, The function of the giant fitjers in earthwormti, Univ, of California 
rul.1. in Zool., Vol. ]8, No. 8, 1918. 
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moment, to a contraction of the whole musculature. This apparent 
relaxation of the entire body is not associated with the relaxation of 
the muscle, but is due to a decrease of the internal pressure due to 
the sudden outflow of the body fluid. The contraction of the muscles 
occurred only after the passin^y of the necessary latent time, and 
therefore an ordinary tonus of the wall musculature is not necessarily 
to be taken into account in explaining this phenomenon of relaxation. 

A probable explanation of the occurrance of contraction in the 
I>osterior region after the sectioning of the nerve seems to me to be 
that, normally, an excitative wave, which produces contraction, appears 
to be proceeding from the posterior to the anterior, which, however, 
in the resting state is inhibited by the nervous system, but when the 
nerve is cut, the contraction must follow as a necessary consequence. 
This hypothesis just stated is in favor of Uexkuli/s theory in relation 
to the “ reservoir of excitation in the nervous systems of lower 
invertebrates. The direct type (Parker) of locomotive movement of 
Caudina seems to support this view since in such a movement the 
motorial impulse proceeds from the posterior to the anterior, and the 
histological fact tliat the inner radial nerve has no direct connection 
with the nerve ring, but starts rather from the posterior extremity 
(Grrould, 1896) adds further evidence favoring this view. 

li. Spontaneous rhythmical contraction. 

The rhythmical contraction, as far as the longitudinal direction of 
the whole body of Caudina is concerned, occurs in company with the 
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respiratory movement and is composed of an intensive contraction 
followed by several small contractions. (Fig. 6) The caudal end of 
Caudina, with its tegument and 


rectum, contracts rhythmically in 
quite the same way as tlic whole 
body. But if one slits it lengthwise 
on one side, it loses the small 
contractions and the regular strong 
contractions alone remain.’^ (Fig, 7.) 

Circular muscle with tegument 
and cross sections of longitudinal 
muscles show pronounced rhythmical 
contraction. The alternation of large 
and small contractions (Fig. 8) is 
not a frequent phenomenon. If one 
removes from the above sample 
two of the .sections of longitudinal 
muscles out of three, the rhythmical 
contraction still goes on; but the 
removal of the remaining one pro¬ 



duces quite a feeble contraction or 
diminishes it totally. 


Fig, 7. Tail, slit lengthwise on one 
side; time signal, 5 nee. x3. 



Fig. 8. Circular muscle with tegument and three sections of longitudinal muscles; 
in sea water; time signal 1 min.; load, 1.2 gms. xS. 


0 A simple method to remove the effect of circular muscle used by BuDiNC^roN, but 
probably at the same time the effect of cloacal muscles is removed here. 

K. A. Bui>lN(nx)N, Some physiological characteristics of Aonelid muscle, Amer. Jour, 
of Physiol., Vol. 7, 1902, p. 156. 
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Ijongitudinal muscle if attached by tegument tissue shows, in the 
majority of cases, rhythmical contraction, otherwise there is scarcely 
any rhythmical contraction. It is to be noted that if there is present 
even a small fraction of tegument rhythmical contraction is produced. 
These facts seem to ascertain the neurogenic origin of the rhythmical 
contraction of Caudina muscle. But which nervous element is respon¬ 
sible here is not certain. Several experiments to test whether or not 
the radial nerve is in any way responsible for the above effect thus 
far have given no positive result. Neither the presence of the nerve 
ring nor its absence .seems to influence this reaction. 

The rhythmical contraction of the longitudinal muscle in the b(xly 
fluid shows more irregularity and has a jx^riod of somewhat shorter 
duration (about 1 min.) than in sea water. (Fig. 9) In van't Hoff’s 
solution (26.0 gms. NaCI, 3.32 MgCi,, 2.04 MgSO„ 0.73 KCl, 0.51 
CaClj, trace of NaHCOg and of K^HPO^ in 1 h.), the rhythmical 
contraction continues quite regularly for a long time. (Fui. 10) In 
Hatai’s solution (23.2 gms. NaCl, 1.27 MgCl,, 0.66 CaQj, 0.54 KCl, 
0.008 NaHjPO^, 0.006 NallCOg in 1 L.), longitudinal muscles with or 
without (apparently) tegument .show'ed irregular, feeble contractions 
having no distinct rhythm. The pre.sence of plenty of oxygen in the 
medium seems to favor an active rhythmical contraction. 



Fig. 9. Longitudinal muscle with n piece of tegument; in Ixxly Huid; time signal, 
1 min.; load, 1.2gms. 23-23.5®C. x3. 


Ijoading is a necessary condition for rhythmical contraction because 
it makes relaxation ix>ssible; be.sidcs it may have some accelerating 
influence, direct or indirect, u^xin the nervous clement. 

The rhythmical contraction of Caudina muscle begins in a moderate 
.state of lengthening. The muscle which is rhythmically contracting 
shows, in general, a lengthening curve of elastic form. It is obvious 
from Table 3, that the ratio between the contraction lieight and the 
total length of muscle at the same instant, increases nearly propor- 
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tionately with an increasing period which is also nearly equivalent to 
the increase of the muscle lengthening. 



Fig. 10. Ix)ngiludinal muscle with a piece of tegument and nerve ring; in van’i' 
Hoff’s .solution; time signal 1 min.; weight, 1.2 gms.; 2S~24’’C. x2.3. 


It is noticeable that, notwithstanding various conditions and the 
high degree of individual variations in respect to the stimulus threshold 
the deviation of the jieriod is within a narrow range of 0.5~3.6 minutes. 
The Wme is true of the contraction height. In the longer muscle 
sample the whole length does not participate in the production of the 
rhythmical contraction but only a certain jx^rtion of it, i. e. that in the 
neighbourliood where the fraction of tegument is attached. 


Table 3. (No. 5 in van't Hoff’s solution, others in sea 
water ; 26-27.5®C ; time in minutes). 


No. 

Initial 

Deviation 
range of 
intervals 

Mean 

(Shortened state) | 

(Lengthened state) 

length 

interval 

Height 

Total 

length 

Kati« 

Height 1 

I'otal 

length 

Ratio 

1 circ. 

1.6 

0.6-1.6 

1.0 

0.07 

2.0 

3.2 I 

0.28 

2.1 

13.0 

2 „ 

2.1 

0.6—2.6 

1.8 

0.02 

2.3 

0.9 

0.22 

2.7 

8.0 

3 

1.4 

1.0-3.6 

2.0 

—. 


— 

— 

— 1 

—. 

4 long. 

1.0 

1.0-2.6 

1.6 

0.08 

2.8 

1.4 

0.14 

1 3,0 

4.6 

5 

— 

1.0-8.6 

2.1 

0.17 

— 

— 

I 0,34 

1 

— 


After the regular rhythmical contraction has commenced, the 
interval between the contractions is reduced gradually and afterwards 
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becomes somewhat constant, for example: (time in minutes) 

No. 3. 6.7 6.0 4.8 3.7 2.9 1.7.... 

No. 6. 8.2 2.4 3.6 2.0 2.8 2.4.... 

Tlic rhythmical contractions with the greater deviation range of 
intervals tend to maintain such a relation for a longer period and arc 
also associated with a greater mean interval and vice versa. 

The rhythmical contraction generally commences with irregular 
small contractions, which are gradually polymerized into regular ones, 
hut when the tegument tissue is quite small, the contractions of muscle 
are isolated from the beginning and are regular in form. 

That Caudina muscle seems to have no measurable refractory period, 
like other smooth muscle, and that the interval of the initial regular 
contractions gradually decreases, seem to favor the storage process 
theory of rhythmical contraction in this sjxicies. The storage process 
theoiy being possible, under the influence of the nervous system, the 
nervous .system must be able to show a large range of the tonus state. 
The possession of such a character just stated is conceivable from the 
functions of the primitive nervous system, as well as from that of the 
vegetative nervous systems of higher animals. If such an idea is 
admissible, then the functions of these two kinds of nervous systems, 
primitive and vegetative, should be identical in regard to rhythmical 
contraction. Indeed, in reality seme fundamental similarities are shown 
by voluntary and involuntary muscles. Involuntary mu.scle, whether 
striated or smooth, which is innervated by the vegetative nervous 
system, is spontaneously contractile, while voluntary muscle, which is 
innervated by both the vegetative and the cerebral nervous systems 
does not possess that ability. 


HI. Stimulation phenomena. 

INDUenON SHOCKS. 

Caudina muscle reacts to electrical and mechanical stimuli with a 
contraction which is transmitted the full length, provided the tegument 
is completclj’' attached to the muscle. (Sec page 281) However, the 
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characteristic enlargement of the muscle, vvhicli occurs as the result 
of an intensified stimulus, is limited to the neighbourhood of the 
stimulation. The contractions do not show a definite maximal height. 
The summation is complete and always occurs if the secondary stimuli 
are given at any period between the latent and the contraction 
i^criod. 

A rapid form of contraction, produced by intensified stimulus, which 
Budincjton (1902), who applied the after-loading method, has noticed 
in Annelid muscle, was not observed in Caudina muscle. However, 
various forms of contractions according to several factors were noted. 

The rate of relaxation is somewhat greater when it takes place in 
sea water than in air. (Table 4) Both the contraction-relaxation time 
ratio and also the height-duration ratio are greater in the lengthened 
state than in the shortened state. (Table 5) The rate of contraction 
is slightly greater in muscle without tegument (Fig. 11, b, c), and the 
rate of relaxtion is markedly greater in muscle with tegument (Fig. 
11, a, d, e; Table (>). The rate of relaxtion is much greater in the 
multiple induction stimulation than in the single induction stimulation. 
Comparison of Tables 5 and G makes this relation clear. The same 
situation holds as well for longitudinal muscle without tegument. 

Taule 4. (Ijongitudinal muscle with tegument; a single opening 
shock ; shortened state; r, contraction time ; r. relaxation 
time, the contraction remainder being neglected.) 



1 

r 1 

r 

Relaxaticiii in sea water 

8" 

\ (/15" 

in air j 

7'' 

j 7'29" 


Table 5. (Longitudinal muscle with tegument; several 
induction .shocks; ///</, height-duration ratio.) 


] 

c 

r 

\ 

Shortened state 
(relaxation in sea water) 

7" 

2' 8" 

1 /n 

I lengthened state 
(relaxation in air) 

5" 

1'17" 

1/2 
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Table 6 . (Average of several cases; longitudinal muscle ; 
single induction shocks; loading, 1.2gms. relaxation in 
sea water; lengthened state*) 



c 

r 

Muhclc only 

6.6'' 

4'30" 

^Yith tegument 

7.0" 

I'SO" 


Frequent induction stimulation. The frequency of induction shocks, 
which is necessary to arouse a continual tetanus-like contraction on 
Caudina muscle, is 1.7-2 jxjr second. It is difficult to obtain a 
complete plateau. In most cases the height gradually decreases or 
becomes irregular though the stimulation goes on. This frequency of 
stimulation mentioned above belongs to a group of lowest value among 
other smooth muscles, and comes near to the case of cat’s bladder 
(1 per second)^^; also it is interesting to note that Caudina muscle is 
similar to that of cat’s bladder in showing a higher value of latent 
time. 

Induction stimulation of a freciuency of 100 jxjr second always calls 
forth a marked contraction at the beginning, but what succeeds it 
depends on the state of elongation of the muscle. In a shortened state 
longitudinal muscle (with or without tegument) soon commences a 
steep relaxation to such an extent that it often exceeds its initial 
length, and continues its rate of relaxation even after the stimulation 
is over. In the lengthened state, the behavior is variable but, in 
general, the muscle tends to preserve its contraction and shows a 
distinct relaxation as .soon as the stimulation ceases. The rates of 
relaxation of the muscles through frequent induction stimulation are 
nearly equal, in both those with and those without tegument. 

LATENT TIME. 

The latent time of Caudina muscle against direct induction or 
constant current .stimulation has a large range of variation and its 
distribution is shown in the following table; 

O C. C. Stkavart, Mammalian smooth muscle — cat’s bladder, Amer. Jour, of Physiol.. 

Vol. 4, 1900, p. 185. 
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Tadle 7. (20-2.TC; single induction stimulation) 


Time in 1/10 f*cc. 

0.7 1 

- 2 

- 

s - 

4 5 

- 6 7 - 8 


9 - 10 - 12 


Anterior 

0 

.S 

1 

3 

4 

1 3 2 

0 

I 

1 

1 

Middle 

1 

0 

2 

5 

3 

0 0 0 

0 

0 

0 


Posterior 

0 

2 

a 

8 

4 

4 0 1 

0 

0 

1 

o 

8 

With tejjiimcnt 

0 

0 

0 

0 

o 

] 0 0 

1 

1 

1 

i 

.Sum 

1 1 

6 

6 

16 

13 

6 » 3 

1 

2 

3 


The most frcciuent value is 0.3 second, which is about the same 
as the value given by the entire average. Such a great variation may 
depend to some extent on tlie difficulty in determining the initial iK)int 
of contraction, due chiefly to the slowness of the contraction. How¬ 
ever, a great variation of the state of reactivity seems to be present, 
as a physiological characteristic of less differentiated nerve muscle 
systems. 


TRANSMISSION OF CONTRACmON. 

If a longitudinal muscle preparation with tegument is fastened in 
the middle and stimulated at one end with a single induction shock, 
then the other end also shows a contraction. (Kig. 11, a) Ihit in a 
similar preparation, if the tegument was not attached, the stimulation 
of one end produces only a mere trace of a contraction at the other 
end. (Fig. 11, b, c) Again, if the muscle is separated by a cut in 
the middle and the two portions are connected by the tegument, the 
.stimulation applied to one end dex^s not pnxluce a contraction of the 
other portion ; in other words, the contraction wave is not transmitted 
through the tegument. (Fig. 11, d) If, however, the muscle and the 
tegument maintain a normal and natural continuity at both ends but 
in the middle the connection is separated about 5 mm., the transmission 
is very feeble. (Fig. 11, e) The same is true when the radial nerve 
band, which runs along the middle line between the tegument and the 
longitudinal muscle remains intact and both sides of the band arc 
separated to the extent of about 5 mm. In the above exjxiriments 
the middle portion of the muscle is necessarily injured but there is no 
interference in the transmission of contraction. Therefore, a neces.sary 
condition for ordinary transmission of contraction is the connection 
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between the muscle and the tegument, most probably the presence of 
sonic nervous connection. 





l\. 11. Time signal, 5 sec.; (ant.) or (po.st.), close to the stimulation signal line, 
denotes the portion which was stimulated. xH. 

A feeble or moderate stimulus given at a definite jwint on the 
body surface produces a contraction of the circular muscle in the 
immediate neighbourhood of the interradial band, but when the stimulus 
is fairly strong, the circular muscles in the neighbouring interradial 
bands of the same latitude also show' contraction. Although the 
phenomenon can be explained by a great decrement of the transmitting 
nervous element, I believe that an effect of direct extension-stimulu.s 
is more probable in this instance. 

About the distant transmi.ssion, according to Yamanouchi’s'* obser¬ 
vation, the tail of Caudina calls forth a reaction of the tentacles if it 
i($ cut within the anterior half, showing a latent time which is macro- 
s^opically unmeasurable. On the contrary, stimulation on the tentacles 
do6s not call forth any immediate contraction of the tail. These facts 
seem to indicate the probable presence of long sensory fibers, but not 
of long motor fibers. 

>> Private coramunlcation. 
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CONSTANT CURRENT. 

When Cauclina is stimulated on the body surface, the longitudinal 
muscle contracts more noticeably upon cathode stimulation but with 
the circular muscle amxle stimulation produces a more obvious con¬ 
traction. This observation agrees with that of Biedekmanx (1898) on 
the muscles of Holothuria and Synaptat and confirms his explanation 
that upon monopolar anode stimulation, total contraction is more 
marked, though upon cathode stimulation the contraction is limited to 
the pole region, showing that Pfluger's law holds perfectly, in the 
sense that the excitation proceeds from the region where the negative 
charge enters or increases. It is more clearly seen in experiments on 
excised muscles under loading that there is no difference between the 
two kinds of muscles. 

Dilatation is observed immediately under the pole in the case of 
monopolar anode stimulation^^ and most favorably with the unpolarizable 
electrode in contact with the surface of body. The opening contraction 
is difficult to be observed unless the muscle is loaded. 

When excised Caudina muscles are stimulated witli a constant 
current of a short duration in a fluid electrode, the rate of relaxation 
is generally greater than that of the induction stimulation. 

If a .slight contraction remainder is neglected, the ascending and 
descending branches of the graph are nearly symmetrical, which 
relation is not greatly affected by the strength of the current. A given 
strength of the current seems to produce a definite maximal height, 
but if the circuit is opened before the maximum is reached, further 
contraction ceases at once and relaxation takes place a few seconds 
later. (Fig. 12) For example, the contraction height of a curve 
produced by a duration of current for 0.2 second is about 1/4 of the 
maximum contraction produced by a duration of an equal current for 
2.1 seconds. 

Stimulation of muscles by means of a series caused by the closing 
and opening of constant current (the interval being about 1/40 sec.) 
gives a larger height-duration ratio, i. e. greater values of both rates of 
contraction and relaxation and a surpassing symmetry of the curve, 
when compared with a single closing and opening of an equal duration. 


M. FDrst, Zur Physiologic der glatten Muskein, Pfl. Arch., Bd. 46^ 1898, S. 267. 




i ^ 

1 

r 

h 

d 

Single 

2.2 

\ 5.2 

0.8 

8.5 

Multiple (6/sec.) j 

i 3.4 

6.1 

2.3 

9.8 

Multiple (22/sec,) j 

5.2 

6.2 

2.9 

11.8 


As Pros. 12 and 13 show, in the lengthened state the accelerating 
rate of the relaxation grows in proix)rtion with the increased duration 
of the current and, similarly, the height of the contraction curve 
increases under the same experimental conditions, and in consequence, 
the contraction graph is composed of prolonged ascending and accele¬ 
rated descending branches as the duration of the current is prolonged. 



Fig. 13. Two contraction curves of succeeding constant current stimulation, with 
equal interval l)Ut different primary duration; conditions same as in fig. 12 
X8. 
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When the duration of the current is prolonged, the muscle in the 
shortened state relaxes, after a slight closing contraction, far beyond 
its previous length, and shows a noticeable orxrning re-shortening. In 
association with the degree of lengtlicning, the closing contraction 
increases proportionally, while the rate of relaxation during the flow 
of the current increases slightly in the somewhat lengthened muscle, 
and decreases in the greatly lengthened muscle. The muscle in the 
lengthened .state maintains a certain degree of contraction during the 
flow of the current. The re-shortening due to oix:ning gradually 
diminishes in reverse proportion to the degree of lengthening and finally 
disap[x;ars, till, in the considerably lengthened state, the muscle shows 
a distinct relaxation after o|Hjning. (Fu;. 14, 15) 



14. Alx)vc, shcrlcned btate; below, IcngUiencd slate; condit'ums same a> in 
fig. 12. x2.:i. 



xs: 

The shortening due to the oi)ening is observed only when the 
relaxation during the flow of current has taken place to some extent. 
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That the height of the opening effect is approximately the same to 
the relaxed amount during the flow of the current, and that it has an 
appearance of re-shortening rather than of ordinary contraction seem 
to indicate that the relaxation during the flow of the current is a 
forced phenomenon and that the opening acts only as a removal of 
that force. This forced phenomeiK)n is expressed by De Zilwa’^ as 
relaxation ** through diminution of elasticity.” That the relaxation 
after this rc-shortening is not accelerated by the presence of a tegument 
supports this view. The fact that the tegument is not responsible for 
the phenomenon just stated tempts one to suppose that this relaxation 
effect may be an intramuscular process which is called forth by the 
constant current, such as a polarized state of muscle cells shows. But 
whether there is no ojxjning excitation at all is a question. 

The relaxing effect of a constant current appears only when the 
current is .strong enough to call forth the closing effect. Budinoton’s 
relaxation phenomenon, i. e- the relaxation after contraction due to 
induction stimulation is acceler^d by a feeble con.stant current, may 
be taken as a special case of the effect of this current. 

The relaxation during the current and the re-shortening due to 
oi^ening are very noticeable when longitudinal muscle with tegument 
and platinum electrodes are used. (Fig. 16) 



Fig. 16. Ixmgitudinal muscle with tegument; platinum electrode; signal, 6 sec* 
X3. 


ON FACTORS WHICH ACCELERATE RELAXATION. 

Summarizing the results concerning the r^te of relaxation, we find: 
1) Contraction due to a single induction shock is followed by a 

L. A. £. Dk Zilwa, Some cootrlbutiona to the phyilology of unstrfated muscle, Jour* 
of Physiol., Vol. 27, 1901, p. 200. 
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prolonged relaxation ; the presence of a tegument increases the rate of 
relaxation. 

2) The muscle reacts to multiple induction stimulation in a form 
with large c-r ratio and h-d ratio; and it is indifferent whether the 
tegument is present or not. 

3) The same relation holds for frequent induction stimulation ; and 
also for scries of stimulation caused by the closing and opening of the 
constant current. 

Tliese facts may be more concisely stated : 

a) Relaxation is accelerated by multiple stimulation. 

b) Relaxation is accelerated by the co-existence of the tegument 
with the muscle. 

The former mechanism (a) must be an attribute of the muscle itself, 
and can be also expressed as : the relaxation depends on the degree 
of contraction or the amount of excitation. The latter mechanism (b) 
is most naturally considered a function of a certain nervous element 
which is active when the connection between the tegument and the 
muscle is comi)lete, and may be c.xplained either by a direct acceleration 
of relaxation or an ability to give multiple excitations to muscle from 
a single stimulus. 

On the other hand, the rate of rela.xation depends on the state of 
lengthening of the muscle. A relaxation, notwithstanding continual 
stimulation of both induction shocks and constant current, occurs only 
in a shortened state. 

The relaxation during the flow of the current is considered to be 
a forced phenomenon, as mentioned in a previous page (286) but in 
the case of frequent induction stimulation a somewhat different inter¬ 
pretation must be made concerning the relaxation phenomenon, as there 
is no re-shortening due to opening.'^ This phenomenon may occur 
under certain quantitatively different conditions of the shortened state 
which produce a relaxation by skipping a contraction period, in the 

O Although MisiAWSKY found an oi^cntng contraction following freriuent induction 
stimulation, in this case the phenomenon was proved to be of nervous influence, while 
in the present case the muscle reaction alone is shown. It must be added, however, 
that whether the nervous influence can produce a similar reaction in the case of 
Caudioa is still to he investigated. 

N. Mislawsky, Ober die rhythmische Heixung dcr glatten Muskeln, Ztach. f. d. allg. 
Physiol., Bd. 6, J907, S. J. 
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case of continuous stimulation. The same condition might favor the 
(x:currence of forced relaxation due to constant current, 

FA'IIGUE rifENOMENA AND LENGTHENING EFFECTS. 

The lengthening of the mu.scle under continuous loading involves 
two effects, lengthening and fatigue effects, and the two factors must 
be distinguished from each other. Investigators on fatigue phenomena 
of smooth muscles often misunderstand these two factors as one and 
consequently the two features are taken for fatigue effect alone. 

Since the rhythmical contraction has a difinite pause between each 
contraction, it may be considered as a fatigueless process, if such 
experiment is not continued long. If such statement just mentioned 
is admissible, the changes in form of the contraction curve must be 
due to the lengthening effect of muscle and, in fact, wc noted that 
the height of the curve of rhythmical contraction increases as the 
lengthening of muscle increases, and the increase of both the c-r ratio 
and the h-d ratio belong to the lengthening effect alone. 

In the initial jx-Tiod of this lengthening effect the increase of the 
contraction height is conceivable as the sort of phenomenon which is 
shown by striated muscle in the case of rejxjated stimulation. This 
phenomenon just mentioned is, however, limited to the several initial 
contractions, while the lengthening effect lasts much longer. Therefore, 
the former can not be considered as affecting the latter except for the 
several initial contractions. 

These lengthening effects arc more distinct in preparations with a 
low stimulus threshold, which show' less fatigue effect. However, with 
repeated stimulation the contraction remainder evidently becomes as¬ 
sociated w'ith a slight elongation of the relaxation time. With a high 
stimulus threshold, if the stimulus is reix^ated, the height of the 
contraction curve not only decreases very quickly, but the times of 
contraction and relaxation arc markedly prolonged. These phenomena 
should be considered fatigue effects. 

I) Pertaining to Stuauh’s suggc&lioii that the muscle curves with sharp apices may be 
due to a fatigued condition of the muscle, it should 1)C said here, that, while prepara¬ 
tions showing very slow relaxation when fresh, often come to relax much mure 
i|uickly after having made a numl>er of contractions, and thus give the sharp curves, 
yet the opposite is as often true also.” (BuniNG'n)N, 1902> 
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As the fatigue effect and the lengthening effect are thus contradictory 
to each other concerning the height of the contraction curve and the 
rate of relaxation, the fatigue effect could be entirely masked by the 
latter in preparations with a low threshold, and, on the contrary, with 
a high threshold the lengthening effect is masked by the fatigue effect. 
Thus, two types of variation are possible in the contraction form in 
the course of stimulation, dejDending on whether the fatigue effect or 
the lengthening effect predominates. 

The “ temporary recovery ** (Budington) of the height of the 
curve on reversing the direction of the current in the case of repeated 
constant current stimulations of short duration, is seen also with Caudina 
muscle under the same experimental conditions, using a fluid electrode. 
(Fig. 17) 





Iniiuinii, 


Fiy. 17. The current direction was altered al the cross; time sij;nal, 6 sec. xS. 


Budington, in his investigation on Annelid muscle, objects to 
Kngelmann, who explains the temporary recovery based on the as¬ 
sumption that different parts of the muscle contract on the reversal of 
the direction of the current and maintains that the temix^rary recovery 
is due to an intracellular polarisation during the passage of a constant 
current. My own result supports Budington's view, since the fluid 
electrode which I have employed evokes excitation at the same ixirtion 
by both directions of current. But if we take Pfluger’s law into 
consideration, then the intracellular ix)larisation, if it occurs, must also 
mean that the excitation began at both different terminals (or cell 
membranes) by reversing the direction of current. Therefore, if Engel- 
MANN^s statement of the different parts of muscle can be interpreted as 
the intracellular phenomenon, then his view becomes equally applicable 
to the phenomenon of temporary recovery as Budington’s. Ihcn the 
idea that fatigue occurs at the cell terminal or membrane agrees to 



290 


L. TAO 


the well established theory of nerve physiology that the fatigue of the 
nervous system is located in the synaptic membrane. 


Sumniary. 

Giudina muscle shows an equilibrium reaction and a lengthening 
reaction under loading, the latter is expressed satisfactorily by the 
following empirical formula; 

( 1 — 

where L, lengthening; /, time; coefficients. As far as, my 

observation goes, the middle portion of longitudinal muscles show, in 
the majority of cases, the loading contracture. Muscles which were 
treated previously with either distilled water or with heat give leng¬ 
thening curves of complete elastic form, i. e. instead of the lengthening 
continuing indefinitely, it reaches a finite length. 

Cutting of the radial nerve band produces a local contraction 
posterior to the cut. 

The lengthening process of Caudina muscle stops at about 40*C, 
and is followed by a gradual shortening, which, in turn, shows a 
remarkable shortening at 65-70''C. Caudina tegument shortens at the 
temperature of 52-54*C. The range of contractibility against stimulation 
lies between about 5®C and 40®C. 

Circular muscle behaves similarly to longitudinal muscle in the heat 
reaction as well as in the stimulation phenomenon. 

Excised Caudina muscle contracts rhythmically in sea water or 
in van’t Hoff’s solution, under loading; the period varies within a 
limit between 0.6-3.6 minutes. The presence erf* some attachment of 
tegument tissue seems to be a necessary condition for the occurrence 
of the rhythmical contraction, which suggests a |>articipation of a 
certain nervous element In this phenomenon. 

The connection between the tegument and muscle is a necessary 
condition for the transmission of contraction, though a transmission of 
contraction is often noticed with muscle without tegument, owing to 
the extension-stimulus. 

In the case of direct stimulation, the latent time is most frequently 
04tWc. at 20-23-C. The necessary frequency of induction shocks 
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necessary to produce a tetanus-like contraction, though usually imper¬ 
fect, is ].7-2 per second. 

The rate of relaxation is accelerated, among other factors, by multiple 
.stimulation and also when the muscle is attached with tegument. 

The response of Caudina muscle to continual stimulation differs 
according to its state of lengthening ; in the shortened state the muscle 
soon turns to relaxation after an initial contraction, and in the lengthened 
state the muscle maintains its contraction state to a certain extent 
during the stimulation. This statement holds for both constant current 
and frequent induction stimulation. The nature of relaxation in the 
shortened state mentioned abcjve is considered to differ according to 
the nature of the electrical stimulation (sec page 287). and for instance, 
the re-shortening due to opening occurs only with the constant current 
stimulation. 

A given strength of a constant current seems to call forth a definite 
contraction height, but in the muscle in the lengthened state the 
contraction is followed by relaxation as som as the circuit is opened, 
before the maximum is reached. 

Since the two opjx)sing factors of fatigue aud lengthening co-exist 
in the case of rc^xiated stimulation on loaded muscle, these two factors 
must be taken into con.sideration in interpreting the results of such 
expe r i mentation. 
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Bastardierung als eine Ursache fiir die Entstehung 
der Chromosomenpolyploidie. 

I. Ristard zwischen Chrysanthemum marginatum und 
C. lavandutaefotium. 


VtfN 


Masato Tahaka u. Naomasa Shimotomai. 

Durch viele Arbcitcn von verschiedenen Forschcrn ist es jetzt ganz 
klar geworden, dass Polyploidie der Chromosonien wenigstens im 
Pflanzenreich als ganz allgemcinc Erscheinung anzusehen ist (Tischler, 
1910; Tahara, 1915; Tackholm, 1922; u. s. w.). Nun drangt sich 
iins die Fiage auf, wie diese Verhaltnissc bci so vielen Pflanzengriippcn 
cntstanden sind. Die im Jahre 1917 von Winge zur P>klarung hierfiir 
vorgeschlagenc Bastardhyi)othcse scheint ncuerdings mcrklich an Be- 
deutung zugenommen zu haben, indem Kreuzungsversuche bei ver¬ 
schiedenen Pflanzen seitens verschiedener Autoren eine kraftige Stiitze 
fl'ir diese Hypothesc gebracht haben (Diguy, 1912; Bremer, 1913; 
Clause:n and Goodspekd, 1926; Tschermak und Bleier, 192(); 
Clausen, 1926). Durch diese Untersuchungen wiirde sicher fcstgestellt, 
dass Bastardierung unter nahe verwandten Arten manchmal Zunahme 
der Chromosoinenzahl verursacht. Aber die Rcsultatc lassen noch viel 
zu WLinschen iibrig, weil wir gegenw«artig nur erst wenig dariiber 
wissen, wo und wie diese Steigerung der Chromosomcnzahl beim 
Bartardc stattgefunden hat. Betreffs dieses Problems veroffentlichte 
Rose:nberg (1926) kiirzlich einen Aufsatz, worin er zu begriinden 
versucht, dass die Dyadenbildung mit diploider Chromosomenzahl bci 
den heterotypischen Teilungen der Bastardpflanzen als Hauptursache 
fur die Vermehrung der Chromosomenzahl zu betrachten sein dvirfte. 

Beim Versuche an P/^V^i-Bastarden kam Clausen (1926) aber zu 
cinem etwas anderen ResulUit. Er schreibt: bei heteroty pise her Teilung 
dieses Gewachses kommen bivalentc und univalentc Chromosonien voi\ 
und letztere fuhren Langsspaltung zweimal aus, einmal in heterotypischer 
und einmal in homootypischer Teilung, was natiirlicli Gameten mit 
vermehrter Chromosomenzahl zur Folge hat. 
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Diese zwd Autoren stiinnien aber in der Meinung. iiberein, dass 
Pflanzen niit vermchrter Chroniosonienzahl erst in der Fj-Generation des 
Bastardes zum Vorschcin konimen. Kin ganz ahweichcndes Resultat 
bringt aber I^remer’s Untersuchung des Saccharum-T^^nstsixds. Nach 
ihni tritt vcrinehrte Chromosomenzahl schon in Fi-Generation aiif. 
Steigerung der Chromosoinenzahl diirfte also vvenigstens bei diescni 
Fallc in der befriichtetcn ICizelle stattgcfunden haben. 

Diese Sachverhaltnisse vcrlocken dazu, wcitere Chromosomcnfor- 
sclmngen bei verschiedoncn Pflanzcnbastarden durchzufuhrcn. Vor- 
liegcnde erste Mitteilung bczicht sich auf den Bastard zwischen 
Chrysanthemum marginatum und C, hwandulacfolimn, Andere Bastarde 
unter den vcrschiedenen Chrysanthemum-hxtexi werden in den nach- 
fglgenden Mitteilungen behandelt werden. 

Chrysanthemum ist cine in Bezug auf die Polyploidie der Chroino- 
somen wohl l^ekannte Gattung. Unter den hier behandelten zwei Arten 
hat Chrysanthemum marginatum als haploide Chromosoinenzahl 45, die 
hochste Anzahl unter den bisher bekannten bei diescr Gattung. Die 
andere Spezies, C* lavandulaefoUum zeigt dagegen die niedrigste Anzahl 
unter der Gattung, nanilich nur 9.'^ Zuerst vermuteten wir bei deni 
zwischen diesen zwei entstandenen liastardc etwa ahnliche Verhaltnisse, 
vvie sie LjUNGUAni. (19241 seinerzoit Ixiim /h/^rrrr-Bastade gefunden 
hat. Zu unsrer grossen Uberraschung haben wir aber in der Tat ein 
ganz andercs Resultat bekoinmen. 

Wic Fig. 1 zeigt, ist der Bastard im Aussehen im grossen und 
ganzen intermediar ini Vergleicli iiiit den elterlichen Pflanzen. Die 
Kreuzungen ge.schahen im llerbst 1924 und 192 * nach der Wasch- 
methode, welche Collins und Mann (192»H) bei ihrer Untersuchung 
uber Cjr^y^/j-Basl.irde angewandt haben. Bei der Kreuzung diente 
6". marginatum immer als niutterliche und 6'. lavandulaefoUum als 
vaterliche Pflanze. Iin ersten jahre wurden 19 und im nachsten Jahre 
215 Kopfehen (mit etwa je 2-5 Kinzelblutchen) von C, marginatum 
gekreuzt. Die Fruchtbarkeit ist aber ausserst niedrig; im ganzen 
haben wir nur etwa ein Dutzend Siimen geerntet. Diese wenigen 
Samen wurden im daraiiffolgenden Fruhling in klcinen Pflanzentopfen 
ansgesat. Keirnung erfolgte schon nach etwa einer Woche. W’ahrcnd 


O Diese Zahlon wurden l>ei v«)rlie|venclcr Untersuchung von neuem 
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des Sommers wuchsen die Pflan/xhen sehr schnell. Doch kam im 
Hcrbste nur cin Teil von ihnen ziir Blute. Im nachsten Jahre werden 
sie alle bluhcnJ^ 


I II III 



1. I. C. lavatuitUtiffolium, II, C. mofqinatt4m» III, C. margintitum X C. 
liwandtilnffolitw! . 

Fixicrung dcr Kopfehen diescr Hastardpflanzen ist jiusserst schwer. 
IJblichc Fixierunprsniittel lieferten uns kein befriedifrendes Resultat. 
Nach wiederholtcn Bemuhun^en, speziell fiir die Fixicrung des hier 
l^eschreibenden Bastardcs, erwics cs sich als das beste, FlemmingscIic 
Losunj^ mit 15 Minuten Vorbehandlung von gcschwachtem Gemisch 
Carnoy’s (70% Alkohol 60, Eiscssig »S0, Chloroform 10) anzuwenden. 

I'ig. 2 zeigt die Polansicht der hetcrotypischcn Teilung der Pollen- 
mutterzelle. Hier konnten mit Sicherheit 36 Chromosomcn gczahlt 
werden. Dieselbe Chromosomcnzahl tritt aiich bei der homootypischen 
Kcrnplatte (F*ig. 3) auf. Die meiotischen Teilungen in den Pollen- 
mutterzellen vcrlaufen moistens ganz rcgelmassig. 

Ob nun die 36 Chromosomcn der heterotypischen Teilung alle 
bivalent odcr einige davon univalent seien, muss durch Untcrsuchung 
der somatischen Teilung leicht zu erkennen sein. Deshalb haben 
wir etwa 20 Stecklingc dieses Gewachses in einem Pflanzentopfe 

*> Bis jetet hal>en wir nur zwei Individuen cytologisch untcrsucht. Diese zwei stimmen 
in Ihrer Chromi»snmen’^>ftrnitur ganz Qherein. 
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geziichtet. Im Warmhaus 
aufbewahrt, fingcn gliickli- 
cherwcise schon nach etwa 
zwei Wochen kraftige Ad- 
veiitivwurzeln an der Basis 
dcs Stccklings hervorzutre- 
ten an. Dtese Wurzelchen, 
mit pLEMMiNGscher Losung 
(Bonn) fixiert, lieferten uns 
reichlich Material fl'ir soma- 
tische Mitosen. Fig. 4 
stellt eine Polansicht dieser 
Teilung dar, wo etwa 72 
Chromosomen ohne Sch- 
wierigkeit gezahlt werdcn 
konncn. Ilieraus ergibt sich 
naturlich der Schliiss, dass 36 Chromosomen bci heterotypischer Teilung 
bivalent sind. 

Die obenerwahnten Ergebnisse, dass der Bastard zwischen C. 
marginatum (n=45) und C. laimtdiUaefolium (n = 9) bci somatischer 
Teilung 72, bei meiotischer Teilung 36 Chromosomen aufzuweisen hat, 
erscheinen auf den ersten Blick ganz unbegreiflich, denn die Summe 
der haploiden Chromoso- 
menzahl von beidea Eltern 
macht nur 54 (=45*^9) 
aus. 

Bremer’s Resultat bei 
der Untersuchung iiber 
Saccharum-lid^stAvd^ ahnelt 
gewissermassen unserem 
Falle. Die haploide Chro- 
mosomenzahl betragt bei 
eincm der Eltern 40 und 
bei dem andcren 56. Und 
die des zwischen diesen 
zweien entstandenen Ba- 
stardes betragt 68. Zur 



Fig. 8. Homdotypische Teiking der Pollenmutter- 
xelle. X8160. 



Fig- 2 Hcterotypiiichc Teilung der Pollcnmut- 
terzelle. x 8160. 
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Erklarung dieser Erscheinung 
schreibt er, „ During fertilization 
the 5*. offidfian/m-chvomosomes 
(n=40) have undergone longitu¬ 
dinal fission, while those of S. 
spontaneiun (n=56) remained 
unsplit. This gave a zygote 
with 130 chromosomes, which by 
normal divi‘5ion gave rise to an 
individual with 136 chromosomes 
in the somatic cells and 68 chro¬ 
mosome pairs in the gonotokonts.^ 

Diese Hyix)thesc genugt aber 
nicht, die sonderbare Erscheinung 
bei unserm hier beschriebenen 
Chrysanthemum-Vi^.sXAx^^^ vollkom- 
men zu crklaren, denn bei unserm 
Falle bekommen wir durch Ver- 
doppelung der vaterlichen Chromosomen in der Eizelle nur63(=45-f 
9 X 2) Chromosomen; also noch um 9 niedriger als die wirkliche 
Anzahl. Wir sind darum gezwungen, noch cine Verdoppelung der 9 
miitterlichen Chromosomen anzunehmen. 

Neuerdings teilten Gainks und Aask (1926) ein neues Beispiel der 
haploiden Pflanze von Triticum mit. Nach diesen Autoren ordnen 
sich 21 univalente Chromosomen bei der heterotypischen Teilung in der 
Pollenmutterzelle dieser Pflanze ganz regellos an, ohne dass sich Paarung 
der eizelnen Chromosomen bildet. Da die Grundzahl der Chromosomen 
bei dieser Gattung 7 ist (Sakamura, 1918), kann die betreffende 
haploide Pflanze als ein triploides Individiuum betrachtet werden. Das 
Fehlen der Chromosomenpaarung muss, wic schon die genannten 
Autoren richtig bemerkt haben, auf die Tatsache zuriickgefuhrt werden, 
dass die drei Chromosoniensatze von diesem Gcwachsc zu verschieden 
sind, um Gemini zu Widen. 

Es scheint uns also schr wahrscheinlich, dass auch bei unserem 
C7/;^'j^/////z^;/i//w-Bastarde ahnliche Verhaltnisse herrschen. Namlich 
ciner unter den fiinf Chromosomensatzen von Chrysanthemum mar- 
ginatmn diirfte etwas anders als die anderen bei der Bastardierung mit 



Fig. 4. Somatischc Teilung in <lcr 
VVur/.elspit/.c. x 3400. 
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C. laifandulacfolium reagiert haben und Verdop|3elung der Chromoso- 
mcnzahl bciin ersten Entwicklungsvorgang dcr befruchtetcn Eizelle 
ausgefiihrt habcii. Also durften unserer Meinung nach von den 72 
Chromosomen des Bastardes 54 (=86-f 9x2) aiis C. margmatinn und 
J8(=^9x2) alls C. lavandulacfoihnn abgcstammt haben. 

ZUSAMMENFASSUN( 

1. Bei heterotypischer Teilung der Pollenmutterzelle vom Bastardc 
zwischen C. marginatum (n=45) und C, tavandulacfolium (n = 9) 
treten 38 Gemini auf. 

2. Bei .somatischer Teilung in der Wurzelspitze werden 72 Chro¬ 
mosomen gezahlt. 

3. Steigerung der Chromosomen diirfte dadurch herbeigeR’ihrt 
werden, dass in der Eizelle gleich nach der Befruchtung 9 Chromo¬ 
somen aus C, tavandulacfolium und 9 Chromosomen aus 6* marginatum 
sich verdop[)eln. 

4. Unter den 72 Chromo.somen des Bastardes durften also 54 
( = 36-1-9x2) aus C, marginatum und 18 ( = 9x2) aus C. lavandulae- 
folium abstammen. 
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Physiological Studies on the Rh}rthmical Heart Pubation 
in the Oyster, Ostraea circumpicta Pils.‘’ 

IJv 

Shonichi Takatsuki. 

(With Two Plates) 

There arc many investigators who studied the physiology of the 
hearts of Mollusca. Carlson (1906) did the most conclusive work. 
He studied the physiology of the cardiac nerves in many Mollusca 
(Mya, Tapes, Haliotis, etc.). Mine.s (1912) studied the physiological 
action of the inorganic salts on the heart of Fecten. IIogben (1926) 
studied the action of the electrolytes on the hearts of Pecten and Helix. 
There arc .still many others who .studied the hearts of Molltisca but 
as far as I am awa^, Tsunoda (1923) is only investigator who studied 
the action of adrenaline and some of the inorganic salts on the heart 
of the oyster. 

The prc.sent investigation was undertaken at the suggestion of Prof. 
S. Hatai and was carried on at the A.samushi Marine Biological 
Station. 

I. THE MATERIAL. 

This oy.ster was collected ak>ng the island of Yunoshima near the 
A.samushi Marine Biolqjical Station. It is a .species of considerable 
.size and the total length of the shell often reaches about 17 cm. The 
heart of the oyster is contained in a pericardium which is situated in 
front of the adductor muscle of the body. Unlike the majority of 
lAxmdlihranchs, the heart of this oyster is not traversed by the rectum, 
and thus it is very favorable material for the .study of the physiological 
characteristics of the pulsatory phenomena. The heart of the oyster 
consi.sts of a median ventricle and two symmetrically placed auricles 
of equal size. The wall of the ventricle is composed of muscle fibers 
which are loosely interlaced. The anterior part of the ventricle is 
divided into two lateral chambers by a septum which con.sists of 

1 A coutributk^i from the Marine Biological Station, Asamushi, Apraori>Ken. 
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muscle fibers. The posterior end of the ventricle gives off two median 
aorta, one of which runs to the anterior parts of the body while 
the other goes to the posterior parts. The auricles communicate 
with the ventricle by a narrow slit on each side. These slits, or 
apertures, are provided with muscular valves whicli prevent the reflux 
of blood from the ventricle. The anterior parts of the auricles com¬ 
municate with each other within the j^ericardium. The walls of 
the auricles are thin, though moderately muscular, and are invested 
with a brownish coloured epithelium. Along tlie innermost layers of 
the auricles are found longitudinal muscle fibers which run parallel to 
their long axes. (Text Figs. 1 and 2.) 



7'cxt Kig. 1. Diagram to show 
the positions of the lienrtr 
alimentary canal, etc. n, 
anus; act, adductor muscle; 
no, aorta; eg, cerebral gan¬ 
glion; g, gill; h, heart; int, 
intestine; Ip, labial |xilp; 
m. mantle; pc, pericardium; 
St, stomach; vie, visceral 
commissure; vg, visccrat 
ganglion. 



Text Fig. r. Diagram to show 
the heart of the oyster. 
Vent., ventricle; Aur., Au¬ 
ricle. 


II. METHOD OF EXPERIMENT. 

The heart was isolated from the body in the following manner: 
The shjell was opened with an pyster-knife .^nd the -pericardium was 
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carefully opened. After the posteri€>r end of the ventricle and the 
anterior ends of the auricles were tied with silk thread, the entire 
heart was cut off at the closest pcxssible points alon^ the pericardial 
wall. The heart thus isolated from the body was used to record the 
rhythmical pulsation on the kymograph by the suspending method. 

IK. AinOMATIC KlIYTHMICrrV OK THE ISOl^ATEH HEART 
OF THE OYSTER. 

Not only the heart, thus isolated completely from the body, pulsates 
very well in sea water, but even the ventricle or the auricle alone or 
a piece of the ventricle shows an automatic rhythmicity, as will be 
shown in Figs, 1, 2, 3, and 4, TI. 1. 

IV. EFFECTS OF VARIOUS KINDS OF PHYSIOLOGICAL SOLUTIONS 
ON THE ISC)LATED HEART OF THE OYSTER. 

At first I attempted to determine the effect of several standard 
physiological .solution.s on the pulsatory movement of the heart of the 
oyster. 


Exi^eriment 1. Ringer’s solution. 

In this solution, the heart of the oyster is unable to maintain the 
normal rhythmical pulsation and becomes gradually weaker and finally 
stops entirely. The time necessary to abolish the rhythmical pulsation 
in this sc>lution at a temperature of is given in Table 1. 


Table 1. 


l.en(;th ot lime Iieforc heart i»eal sUips; j 
Rinuptr’s solution ! 

0-10 min. 

1 10-20 min. 

20-30 min 

Number of individuals 

13 

5 

2 


It is evident from the table that in the majority of the cases the 
heart stopped its rhythmical pulsation within the first ten minutes. 
(Fig. 6, PI. 1.) 


F)xi:»criment 2. Rlnger-I-dckk’s .solution. 

This solution, which is considered to be very satisfactory for 
maintaining the pulsation of the mammalian heart, is unable to sustain 
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the normal rhythm in the oyster, which becomes weaker gradually 
and finally stops. The time necessary to abolish the rhythmical 
pulsation in this solution at a temperature of 14®~16®C. is given in 
Table 2. 


Table 2. 


licngth of time i>cfarc heart licat .stops; I 
Ringkr-Ix)c:ke’s solution 

0-10 min. 

10-20 min. 

20-30 min. 

Number of imlividuals 

8 

8 

4 


As is shown in the table, the heart in this solution maintains its 
pulsation much longer than in Ringer's solution. (Fig. 6, PI. 1.) 


Exjjeriment 3. Ringer-Tvrode’s solution. 

riiis solution is highly recommended for studying the intestinal 
movement of the rabbit. In this solution, however, the heart of the 
oyster is unable to maintain the normal rhythm, which weakens 
gradually and finally stops. 

The time necessary to abolish the rhythmical pulsation in this 
solution at a temperature of 13"-14“C. is given in Xable 3. 


'Fable 3. 


l.ength of time l»efore heart !»eat stops; 
Rinckr-Tyrodf/s solution 

0-10 min. j 

10-20 min. 1 

20-.^ min. 

Number of individuals 

11 ' 

7 ! 

2 


As is shown in the table, the heart of the oyster in this solution 
behaves similarly to that in Ringer's solution. (Fig. 7, PI. 1.) 

In all cases the heart of the oyster stopped its pulsation within 
half an hour. Although the heart become.s much contracted at the 
stage when its movement is entirely lost, nevertheless it is not yet 
dead, because the normal pulsation begins as soon as it is returned to 
sea water again. It is a well known fact that the cells, unless these 
are immersed in a solution of which the o.sniotic pressure is the same 
as that of the cell contents, will cither contract or expand, due to the 
loss or gain of water, until the osmotic pressure of both solutions is 
equal. Therefore the difference in the osmotic pressure in the externa] 






RIUTHMICAL HEART PULSATION IN THE OYSTER 


305 


medium and in the cell will seriously impair the functional activity of 
living matter^ 

We found in the above experiments that the solutions thus far 
tried are unfavorable to the heart of the oyster and, therefore, it is 
evident that the physiological properties of the heart of the oyster 
differ from those of the higher animals, due probably to the unfavora¬ 
bleness of the osmotic properties of these solutions on the heart of 
oyster and not necessarily to the salts contained in the solutions used. 

Experiment 4. Saline solution whose osmotic pressure is 
ecjual to sea water. 

The body fluids of marine invertebrates have the same osmotic 
pressure as the sea water in which they live, as was shown by 
Bottazzi (1897), FKEDEKia) (1901), and others. From this sugge.stion 
I employed a saline solution whose osmotic pressure is equal to the 
sea water in which the oysters live. 

In this .solution the heart of the oyster can maintain its normal 
pulsation as long as a week, but after this j^eriod its vitality is 
dimini.shed gradually. The time neces.sary to abolish the rhythmical 
pulsation in this .solution is given in Table 4. (Fig. 11. PI. 1.) 

Table 4. 

No. of days before heart iieat Htops; i , i , - I - ' Vemperature 

NaCl solution I i , X. 

1 i 

Nunil^r of indivkliiuls I ^ | ^ ^ 15-18 

Exj3eriment 5. Va.v’t Hufp’,s solution. 

Van’t Hoj*I'*s solution was prepared according to the formula given 
by him. In this solution the heart of the oyster maintains its normal 
pulsation as long as 16 day.s, as is shown in Table 5. 

As is shown in Table 6, the duration of the heart pulsation is 
considerably affected by the temperature of the medium and, indeed, 
in the lower temperature (T^-H^'C.), it survives twice as long as those 
kept at a higher temperature (2»T-25‘*C.). The present results agree 
very well with those of Tsunod.\ (1923), who found the maximum 
duration of the heart pulsation of the oyster in van’t IIoff’s solution 
to be sixteen days. (Fig. S, PI. 1.) 
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Tahle 5. 


IXiration »»f pulsalion (in days) in j 
VAN*'! II .solmion j 

6 

R 

8 

1 

i 1 : 

9 10 , 11 1 12 1 13 ; 14 

i ' 1 

15 16 

Number of indivuiual.s ' 

7’empernture 7° -14“C. 

1 



; i ^ 

3 1 

Numlnjr of individiiaU 

Temperature 2.3" 25 C. 

1 ; 

j 

I 3 

1 

• 1 ; 



V. SEA WA I'ER AS A PHYSIOIXK;it:AE SOLUTION FOR THE 
HEART OK THE OYSTER. 

It is a remarkable fact that the pri^K^rtion of sodium, tx)tassiuni, 
and calcium ions present in sea water is the best projX)rtion to be 
used for inaintaininfr the beat of the heart, although the degree of 
c(jncentration iiiu.st be modified from that of sea water when used fi^r 
higher terrestrial animals. 

According to Mavkr (1906), in simple marine animals, such as 
jMeiiusaCt Salpa, etc, the best solution for pulsation is the sea water 
itself. This observation of Mayer’s holds true for the hearts of Pecten 
(Mints, 1922), Sepia (Fry, 1909), Octopus (Freoericq, 1913), and 
Aplysia (Freoericq, 1922), and the present writer also found that sea 
water is the best physiological solution for the heart of the oyster. 

For further reference. I shall give the following data concerning the 
sea water used in this exi^eriment. The physico-chemical projx:rties 
of the sea water at Asamushi are as fi)llows. 

D The osmotic pressure of the sea water used in these experiments 
was determined by the crysoscopic method and its freezing point was 
found to be about -l.ST^C. 

2) The chlorine contents of the sea water, determined by titration 
with standard silver nitrate solution, give about 1.87 gms. in 100 cc. 

3) The specific gravity of the sea water, by Akanuma’s hydrometer, 
is about 1.024-1.023. 

4) The hydrogen ion concentration of the sea water, by indicator 
methods, is about ph. 8.2. 


Na. j 

i ! 

Ca. 

1 Mg. ; 

Cl. 

SO.. 

1.16S4 

0.0867 

0.0481 

1 

■ - 1 

1 0.1.W8 j 

1.0428 

0.2627 gr. 
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6) According to OKASAKi .^ind Koizumi (1926) the sea water at 
Asamushi has the chemical composition shown in the above table^ 

Exjieriment 1. 

The heart of the oyster in the sea water maintains its normal 
rhythmical pulsation for a long period, as is shown in the following 
table. 


Table 6, 

inTu^Ztcr (aieraKe) 

16 days j 7-14'‘C. : 6 

7 days ! 23"-25’C:. 6 

The data given in the tabic support fully the statements made by 
Mayer and others that sea water itself is the best medium. The 
duration of the heart pulsation is affected by the temperature and at 
a lower temperature the duration of pulsation is twice as 

long as at a higher tcmi^erature (23°-26‘’C.). The same relation was 
already found in connection with van*t Hoff's solution. (Fig. 1, PL 1.) 

Experiment 2. 

Pelseneer (1906) stated that the number of heart beats of the 
oyster is twenty times per minute. I found that the number of 
pulsations of the isolated heart of the oyster varies according to the 
individual, the temperature, and other factors. The average number 
found at a temjjcrature of 15®C. was fifteen times per minute. Whether 
the difference found here is due to the different species or to the 
isolation of the heart from the body needs further investigation. 

Exixjriment 3. 

In order to determine accurately how long the oyster heart can 
survive in sea water of various dilutions, the following experiments 
were carried out. In general, the greater the dilution of the sea 
water caused by the addition of distilled water, the shorter was the 
duration of the life of the heart. The results arc shown in the following 
table. 
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Table 7. 


Sea water of 
various dilutions 

Duration of 
pulsation 

Temperature 

'’C:. 

Number of 
individuals 

sea water 

16 days 

7.0-16.0 

5 

. 

7 days 

23.0-25.0 


1/2 sea water 

IS days 

9.0-12.6 

6 

0 days 

23.6-26.0 

6 

1/3 sea water 

13 days 

8.0-20.0 

6 

5 days 

24.0-20.0 1 

6 

1/4 sea water 

11 days 

lS.0-18.6 1 

6 

6 days 

24.0-26.0 1 

6 

1/6 sen water 

. ^ ___ 

10 days | 

16.0-10.0 i 

6 

6 days 1 

24.0-25.6 1 

6 

1/6-1/10 sea water 

20 nitn. j 

7.0-20.0 1 

5 


Based on Table 7, Text Fig. 3 was prepared, in which the ordinate 
indicates the longivity in days and the abscissa the concentration of 
the sea water. The solid line indicates a temperature of 7“~20®C., the 
broken line a temperature pf 23®-26*C. 

The heart in half diluted sea water can survive as long as thirteen 
days and shows a very slight reduction of activity. Indeed, we often 
find normal individuals in which the duration of pulsation does not 
exceed thirteen days even when they are kept in normal sea water. 
The number of pulsations and the amplitude of contraction are scarcely 
influenced by such a degree of dilution. In sea water diluted five 
times, the heart of the oyster still pulsates more than five days, (Temp. 
24*--r25*C.) but when the sea water is diluted six times, the heart 
pulsation stops almost as quickly as when treated with distilled water. 
It is highly interesting and characteristic, also, that the duration of 
life is diminisl>ed only slightly with increased dilution until such a 
process reaches one-fifth of the normal concentration and that beyond 
that stage a sudden decline in heart activity is showm 
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Tent Fig. S. 

VI. PHYSIOLOGICAL ACITONS OF DlSl ILLED WAIER. 

Loeb (1903) found that “ if the species of Gammarus be transferred 
suddenly from sea water into distilled water the breathing of the 
animals ceased in about half an hour, but if the animals are brought 
directly after tlie cessation of breathing, back into the sea water they 
are able to recover. If about ten minutes or longer elapses no recovery 
takes place.” I^eb concludes that “ the entrance of the distilled 
water into the tissue of the animal is responsible for the fatal action.” 
Distilled water, in which ammonia and a trace of copper or other 
metals was free, was used. 


Experiment 1. 

If the heart is pulsating in sea water and the sea water is suddenly 
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replaced by distilled water it shows at once reduced contractions of 
rhythm and this reduction becomes more and more evident, until 
contraction is completely lost. The heart under such circumstances 
stops in a systolic condition. 

The time necessary to aboli.sh the rhythmical pulsation in distilled 
water at a tem^Kirature of 7® 10“C. is given in Table 8. 


Table 8. 


JiCngih of time 
l>efore heart l)cat 
stops; distilled 
water 

0-6 min. 

! 

1 6-'0miri. 

I0-16 min. 

16-20 niin. 

1 1 

20-20 min. 120-60 min. 

Numlier of 
individuals 

I 

' rs 

17 

10 

ti 2 


Table 8 shows clearly that distilled water is injurious to the heart 
of the oyster and that pulsation stops within a few minutes. 


Experiment 2. 

If the heart in which pulsation has completely stopped in distilled 
water is returned to normal sea water within a short fx^riod, the 
pulsation is usually completely restored to the normal state, 'fhe time 
which is necessary to restore its pulsation in sea water after it has 
been kept in distilled water is shown in Table 9. 



Table 

9. 


IXiration in 
dii*tille<l w.i'er 

'] ime lo recover 
in sea water 

Temperature 

Numl^r of 
, individuals 

30 min. 

8 mill. 1 

:.6"-8.6’t:. 

20 

40 min. 

__1 

8.6 min. j 

8‘-8.6t:. 

20 

60 min. 

9 min. 1 

8~0.6"C. 

20 

60 min. 

11 min 

T’-irc. 

; 20 

90 mm. 

14 min 

1 

7.6M1"C 

j 20 

120 miu. 

l 1 

1 16 min. 1 

8^-9.6‘’C. 

20 


Tabic 9. Showing the length of lime in distilled water aiKl the length of time 
neccHsary to restore the heart beat in sea w.ilor. 
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Text Kig. 4. Showing the relation l>etweea the time of submergence in distilled 
water (abscissa) and the time necessary to restore its {wlsation in sea water 
(ordinate). 

It is to be noted that the time necessary to restore the pulsation 
in sea water increases with the prolongation of the duration of sub¬ 
mergence in distilled water. The relation just stated apix^ars to be 
approximately linear. (Fig. 9, PI. 1.) 

EIxperiment 8. 

P^xperiment 2 shows clearly that the heart of the oyster loses its 
rhythmic pulsation completely in distilled water but that its rh 3 ^hm 
may be restored in sea water if it is replaced within a short period. 
If, however, the heart is left too long in distilled water, its pulsation 
cannot be restored in sea water but it dies in a diastolic condition. 
It was the purpose of the present experiment to determine the maximum 
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length of time for which the heart could remain in distilled water and 
still be able to recover pulsation when replaced in sea water. 

Table 10 shows the results of the experiment. The number of 
hearts which were recovered in sea water after being kept in distilled 
water for varying lengths of time are shown in percentages. Each 
test involves twenty individuals. 



Text Fig. 6. The ordinate indicates the % recovered in sea water and the abscissa 
the length of time, in hours, in distilled water. The whole line indicates a 
temperature of 8'*~13^C. and the broken line a temperature of 21°-26°C. 


It is interesting to note that at the lower temperature the heart 
loses its pulsatory ability in distilled water within ten minutes^ but jt 
can survive in that medium for one hour and a half and even after 
four hours and a half fifty percent of the cases still survived and as 
many as ten percent survived for as long as five hours. This power 
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• Table 10. 


No. of hours m i ^ j 

distilled water 1 

1.00! i.ay 

2.00 

2.30'j .3.00 

.3.30' 

4.00 

4.30' 

6.00 

% of individuals i 
recovered in 1 ' 

sea water 

Temp. 8MS"C ! 

100 j- 100 

1 

00 

1 

o 

00 

70 

66 

1 

60 

60 

10 

Temp. 2r100 i 

100 1 80 

1 

26 

i 



1 



to survive is, however, lost much sooner at the higher temperature 
(21°-26‘’C.) and only ten j:)ercent at this temperature survived after 
three hours. This shows that the heart of the oyster possessesex tra- 
ordinary vitality and power to resist unfavourable surroundings. 

Ex{)erinient 4. 

With a view to determine whether or not the heart of the oyster 
ix)ssesscs the ability to adapt itself to an injurious medium, I placed 
it several times in both distilled water and sea water alternately and 
determined the time necessary to restore its pulsation. It was found 
that the heart thus treated can prolong pulsation in distilled water 
and, furthermore, it recovers quicker when replaced in sea water. 

Table 11 shows the time necessary to abolish the pulsation in 
distilled water and then to restore it in sea water. 


Table 11. 


>iu. of times of pFacing; tlic heart i 
alternately in distilled water and in 1-3 ' 

water ! 

4 

i » 

t 

6 

7 

Temperature 

Total length of time in minute | r oa 
placing the heart in distilled water - | 

30 

; 40 

1 

60 

60 


Time necessary to stoj) heart l>eat i | 

in distilled water ! 

13 

13 

j 

1 

16 

17 

7-1.3 C. 

Time necessary to restore heart ! 
l)cat in sea water after treatment , 

6 

! 

23 

1 

8 

7-13X. 


The time required to abolish the pulsating power of the heart in 
distilled water tends to gradually increase after the treatment of placing 
the heart in distilled water and in sea water alternately, and the time 
to restbre the pulsation in sea water also tends to increase under the 
same treatment, with an e.xception of the last instance, where the 
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Text Fit;. ordinate indicates the time recjuiretl to alK>liih the pulsation of 

the heart in distilled water and also the time required to restore it in sea 
water and the al^scissu the duration of submergence in distilled water. (Time 
in minute.s) The whole line indicates distilled water, the broken line sea water. 

decrease compared with the preceding cases is shown. I, therefore,, 
conclude that the heart of the oyster jx)ssesses the jxDwer to accustom 
itself to distilled Witter if it is placed frequently in both distilled and 
sea water alternately. 

VIT. THK ACTION OF THE ELECTROLYTES ON THE IIEAKI' 

OF THE OYSTER. 

The relation between the electrolytes present in the external medium 
and the pro|^rties and activities of living cells has been the subject 
of much investigation ever since Ringer (1882) made his cliissical 
investigations on the heart of the frc^. From his recent investigations 
Lillie (1923) concludes that the physiological action of the salts of 
the medium is u^x^n the protoplasmic surface layer. Whether Lillie’s 
theory can satisfactorily explain the complicated phenomena concerning 
the properties of che contractile substance of the heart is yet to be 
studied. 
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Exjx;riment 1. Single salt. 

I have attempted to obtain additional data on the action of each 
single salt on the rhythmical heart pulsation. The concentration of 
salt was made equivalent to that in sea water. 

1) NaCL IjOeb (1903) found that pure sodium chloride is poisonous 
to the heart ti.ssue, although many other investigators consider that a 
pure sodium chloride solution is comp^iratively harmless to living tissue. 
Overton (1904) found that sodium chloride is an essential element 
for the contractile mu.scles. Howell (1906) stated that sodium ions 
are essential for the heart rhythm but their function is chiefly to 
maintain a proper osmotic pressure. 

I found that pure sodium chloride .solution is com|>aratively harmless 
to the heart of the oyster, which maintains pulsation for as long as a 
week, though its contractility is somewhat weaker when com[)arcd 
with that produced in sea water. (Fig. II, PI. 1.) 

2) KCL Howell (1906) .stated that ix:)ta.ssium ions seem to be 

inhibitory in their action upon the heart ti.ssue. Hogben (1926) found 
that the heart of the snail is not insensitive to ix)tassium. Tsunoda 
(1923) found that potassium ions stimulate the heart of the oyster, 
but if its content in the medium exceed the heart stops in a 

.sy.stolic condition. 

My own observation shows also that, in general, the action of 
pota.ssium is inhibitory in nature and its ix)werful phy.siolc^ical action 
may probably be connected with the rapid rate of migration of its 
ions. A pure pota.ssium chloride solution at first promotes a contrac¬ 
tility of the heart, but after a while the pulsation weakens and the 
heart finally stops in a sy.stolic condition. (Pig. 13, PI. 2.) 

3) CaCU, The necessity of calcium for the heart of vertebrates 
is well known and Txivatt P>ans (1912) has shown that the same 
statement applies to that of the snail. The heart of the oyster is 
powerfully stimulated by a pure ciilcium chloride solution, but this 
contractility, as with AZ7, is soon inhibited and the heart stops in a 
diastolic condition. (Fig. 10, PI. 1.) 

4) MgCl^- Tyr(3de (1900) stated that the presence of magnesium 
doe.s not appear to be necessary in an artificial physiological .solution. 
Mayer (1906) and Rogi:ks (1906) stated that magnesium is an essential 
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salt for maintaining the pulsation of marine animals. In the heart of 
the oyster a pure magnesium chloride solution slightly promotes the 
contractility of the heart, but after a while the pulsating movement 
becomes less frequent and the heart ultimately stops in a diastolic 
condition. (Fig. 12, PI. 2.) 

These metalic salts, then, are all essential for the vita! activities 
of living matter, yet a pure solution of each individual salt, with an 
exception of sodium chloride, can not maintain the rhythmical pulsation 
of the heart of the oyster for a long period. Even sodium chloride 
can not be considered entirely free from toxic action, as was already 
stated above. 


Experiment 2. Mixed salts. 

In order to maintain the normal rhythmical contraction of the 
isolated heart most efficiently, a definite proportion of sodium, potassium, 
and calcium salts is imix)rtant. I have tried the effect of mixtures of 
these salts in varying proportions on the pulsation of the heart of the 
oyster and have obtained the following results: 

1) Van^t Hoff’s solution. The rhythmical heart pulsation con¬ 
tinues indefinitely, as was already stated above. 

2) Loeb (1903) considers that for marine organisms a solution 
should contain Na*, K*, and Ca** ions in a proportujn and a concentration 
equal to sea water. The following proportion and concentration is 
approximately identical with that of sea water : 

10() NaCl 4- 3,84 CaCl, + 3,66 KCl. All of 6/8 M. 

In this solution the heart of the oyster pulsates normally for as 
long as a week. 

3) IjciEn (1906) and Mines (1912) found that the three ions Na*, 
K*, Ca**, must be present simultane<3usely in the solution used for the 
prolonged perfusion of the heart, and any one of these three elements 
can not be replaced by another element. I have removed calcium 
chloride and replaced it by magnesium chloride. 

100 NaCl4-3.84 MgCl,4-3,66 KCl. All of 6/8 M. 

In this solution the heart of the oyster is unable to maintain a 
rhythmical pulsation for any longer than two or, at most, three hours. 
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Experiment 3. The effect of the removal of one salt each 
time (Na, K, ('.a, Mg salt) from van*t Hoff’s solution. 

1) Removal of JVa salt: 

6/8 M. (2.2Ka-h7,8MgC4H-3CaC44-3,8MgSO,+ C:ane sugar.) 

In this solution the heart pulsates abnormally at first and gradually 
stops within two or three hours. (Fig. 16, PI. 2.) 

2) Removal of ATC/. 

6/8 M. (100 NaCl 4 3 CaQ^ 4-7,8 MgC4 4 3,8 MgS 04 ). 

Hogben (1926) found that the hearts of both JAYut: and Pecten 
will beat for a considerable length of time in the absence of potassium. 
In this solution, the heart of the oyster looses its pulsation gradually 
within a few hours. (Fig. 14, PI. 2.) 

3) Removal of CaCl^, 

6/8 M. (1(X) NaCl4-2.2 KCl4-7,8 MgC443,8 MgSO,). 

In this solution the rhythmical pulsation weakens rapidly and stops 
within half an hour. (Fig. 16, PI. 2.) 

4) Removal of MgCl^ and MgSO^. * 

6/8 M. (100NaCll2,2KCl-h3CaCl,). 

In this s<4ution the rhythmical pulsiition continues longer and 
normally. The lack of magnesium is, therefore, not so injurious as 
the lack of each of the three other salts. (Fig. 17, PI. 2). 

The.sc short exixjriments show the relative importance of the salts 
used, as well as the action of the individual salts named on the 
pulsation of the heart of the oyster. However, futher investigations 
are necessary in order to understand the physiological action of these 
salts more adequately in relation to the heart movement and therefore 
I will reserve all these interesting and fundmental investigations for 
future occassions. 

VHI. 1TIE ACTION OF NON-Ef.ECTROJATE (^N THE HEART 
OK THE OYSTER. 

It was found by L(3 eb (1900) that in a solution of non-electrolyte 
the isolated center of ConiiMemus did not exhibit rhythmic contraction. 
In a medium free from salts the rhythmic contractions are either not 
initiated or do not continue for any length of time. According to 
Loeb (1903) “A sugar .solution almost isosmotic with .sea water is 
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just as poisonous as distilled water to the vital activities of Gavimarusy 
In a cane-sugar solution whose concentration is theoretically isotonic 
with sea water, the heart of the oyster can pulsate as long as two 
hours, but in a more dilute solution it stops rapidly. The pulsation, 
when once stopped in this solution, can no longer be recovered in sea 
water. 


IX. THE REIATION OK 'I'EMPERATURE TO PULSATION. 

Among the many earlier investigators wlio studied the effect of 
temperature on the heart beat. Cvon ( 1888 ) accomplished the most 
conclusive piece of work. He .studied the effect of changes of tem- 
fxirature on the number, duration, and strength of the beats of the 
excised frog heart. There are still many others who studied the effect 
of temi^erature on the heart beat. All investigators agree that the 
number of heart beats increases following a rise of temperature of the 
medium surrounding the exci.sed heart. 

Experiment 1. The effect of temixiratiire on the rate of 
rhythmic contraction. 

The rate of rhythmic contraction of the heart of the oyster was 
continuously observed during the entire course of each experiment; 
that is, cither a gradual decrease down at 0°C. or a gradual increase 
till the heart movement was stopped altogether. In the oyster the 
puls;ition of the heart is entirely abolished when it is exposed at O^'C., 
and at 5®C. it begins to pulsate slowly and irregularly though the 
amplitude of contraction is comparatively large. At T^C. the pulsation 
becomes normal and a further gradual rise of temperature gradually 
accelerates pulsation, which in turn is followed by a slow decrease of 
the contraction height. At 35^0. the number of pulsations per minute 
reaches the maximum. At 46®C. it is permanently abolished. (Figs. 
18 and 19, PI. 2.) 

The relatic^ between the temperature and number of pulsations 
can be expressed by the equation in which k and i are 

constant, F, the number of pulsations per minute, T, temperature in ®C. 

The constant was calculated according to a convenient method 
devised by Nomura (1926). 
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Table 12 shows the relation between the temi^erature and the 
number of pulsations. 


Table 12. 


Temperature j 

'^c:. 

No. of pulsations > 
|)er minute ' 

No. of Calculatcrl | 
pulsations ; 

A*^0.80y ri-2e . 

Nuinl)er of 
individuals 

0 ! 

0 

0 1 

20 

6 1 

.3 

2.4 

20 

7 t 

4 

3.7 

5 

7.5 1 

6 

4.0 

16 

8 i 

6 i 

4.4 

92 

8.6 ! 

5 1 

4.7 

44 

9 


, 6.1 

42 

9.6 

6 ’ 

1 

6.6 

IG 

(0 

6 

6.9 

27 

11 

8 1 

6.6 

3 

12 

7 

7.4 

21 

12.6 

7 

7.8 

42 

13 j 

8 

8.2 

34 

13.6 

8 

8.4 

13 

14 

10 

9.0 

.37 

14.5 

12 

9.4 

18 

15 

12 

9.8 

23 

16 

12 

1 10.7 

24 , 

17 

IS ' 

11.6 1 

31 

20 

14 

14.3 1 

25 

21 

16 

16.2 1 

13 

21.5 

1 

16.7 ' 

7 

22 

i 16 

16.1 

5 

24 

13 

18.0 

29 

24.6 
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Based on Table 12, Text Fig. 7 was prepared in which the ordinate 
indip^tes the number of pulsations and the abscissa the temperature of 
the medium. 

The points denote the relations between the number of pulsations 
per minute and the temperature obtained from actual observations and 
the line denotes the relation expressed by the equations {F^O.SO x 7'**^’). 



Experiment 2. Temperature coefficient of the pulsation* 

Rogers (11)13) has shown that in the Fimdulus enibiyo the 
temperature coefficient of the rate of rhythmical pulsation of the heart 
is of the order of magnitude of a chemical reaction. Moore (1918) 
stated also that “ the temperature coefficient of the rate q( heart beat 
of Fmtdulus embryo resembles closely to an emzyme action and the 
values of tcmjxjrature coefficient (Q,o) are shown to be higher at 
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Tahle 13. 


Temp)crature 
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^C. j 
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2.3 j 
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1 '■’i.e '1 
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20....20 * 
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12....22 

1 2.1 1 
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i 26....36 

1 

1.7 




Text Kig. 8. The ordinate indicates the works done hy the heart of the oyster 
(numl>er of pulsations per minutexamplitndc of contraction) and the nhscissa 
the temperature of the medium. 
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temperatures near zero and to decrease, as is the case with enzyme, 
when the temperature is raised/* There are still many others who 
studied the temperature coefficient of pulsation. 

The teni|x:rature coefficient of the rate of the heart beat of the 
oyster was calculated for lO^C. intervals and the results are given in 
Table 13. 


Ex|)eriment 3. 

The work done by the heart of the oyster (number of pulsations 
per minute x amplitude of contraction) may be shown in the curve. 
As will be seen in Text Fig, 8 at a temperature of 15'*C. the heart 
performs the maximum work^ irWefr is followed by a rapid decrease 
with an incscashig tcmjjcratute up ttj about 8()*C. At 35‘*C. it again 
rises and then .sinks to minimum at 45'*C. 


X. SUMMARY. 

1. The gross anatomy of the heart, as well as the method of its 
isolation from the body, is given, 

2. Physiological solutions of Ringer*s, Ringer-I^ke*s, and 
Rinoer-Tyrode’s are not suitable for the heart of the oyster. Sea 
water itself and van’t Hoff’s solution are very excellent media for 
the heart of the oyster. 

3. The isolated heart of the oyster can maintain pulsation in 
cither sea water or in van’t Hoff’s solution as long as sixteen days. 
The number of pulsations of the isolated heart vary according to the 
temixjrature, but at IS^C, the average number is 16 per minute. 

4. The heart of the oyster is able to maintain a pulsation for 
10 days in sea water which was diluted five times with distilled water. 

5. Distilled water is poi.sonous to the heart of the oyster and soon 
abolishes pulsation completely, but of the hearts which were placed in 
distilled water for a period of two to four hours, fifty percent recovered 
normal pulsation when replaced in sea water. 

6. NaCl, KCl, and CaCl, arc the salts essential for maintaining 
the rhythmical pulsation of the heart. Olcium salt can not be replaced 
with other .salts. Magnesium salt is also es.sential for maintaining the 
pulsation of the heart of the oyster. 
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7. The pulsation of the lieart of the oyster is completely abolished 
at 0'’C but pulsation begins at o“~7“C., and the number of pulsations 
is a logarithmic function of tem|jeraturc. The temperature coefficient 
for lO^C. is about 2.1. 

Before leaving the subject, 1 desire to express my sincere thanks 
to Prof. S. Hatai, Director of the Asamiishi Marine Biological Station, 
for his kind guidance and encouragement. 1 am also indebted to Prof. 
E. Nomura for his kindness in giving me valuable criticism. 
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Explanation of Plates. 

PLATE 1. 

(The time marked per minute.) 

Fig. ]• Showing the rhythmical puliation of the isolated heart of the oyster ist 
sea water. Temperature 1(FC. 

Fig. 2. Showing the rhythmical pulsation of the ventricle alone in sea water. 
Temperature 10*1\ 

Fig. 3. Showing the rhythmical pulsation of the auricle alone in sea water. 
Temperature 10**C. 

I«lg. 4. Showing the rhythmical pulsation of a piece of the ventricle in sea water. 
Temperature KTC. 

Fig. 6. Showing the rhythmical pulsation to cessation in Ringkk*s solution and 
restoration by normal sea water. I'empcrature 10^. 

Fig. 6* Showing the rhythmical pulsation to cessation in Kingkr-IVkouf.’s solution 
and restoration by normal .sea wrater. Temperature 

Fig. 7. Showing the rhythmical iMilaation to cessation in Kinokk-I.(x:hk*s solution, 
and restoration by normal sea water. I'emperature lO^C. 

Fig, 8. Showing the rhythmical pulsation in van’t HofVs solution. Temperature 

l0"c:. 

Fig. 9. Showing the rhythmical pulsation to cessation in distilled water and 
restoration by normal sea water. Temperature ll’^^. 

Fig. 10. Showing the rhythmical puLsation to cessation in pure calcium chloride 
solution and restoration by normal sea water. Temperature 10°C. 

Fig. 11. Showing the rhythmical pulsation in [xire .sodium chloride solution. Tern* 
perature IFC. 


PLATE 2. 

Fig. 12* Showing the rhythmical pulsation to cessation in pure magnesium chloride 
solution. Tcmijerature 

Fig. Id. Showing the rhythmical pulsation to cessation in |)Ure potassium chloride 
solution. Temperature 10*^0. 

Fig. 14. Showing the eflfect of the removal of potassium from van’t H(>ki'*s solution. 
Temperature 12**^^’. 

Fig. 16. Showing the effect of the removal of calcium from van*t Hoff’s solution. 
Temperature 12^C. 

Fig. 16. Showing the effect of the removal of sodium from van’t Hoff’s .solution. 
Temperature 12®C. 

Fig. 17. Showing the effect of the removal of magnesium from van’t lIoFt’a 
solution. Temperature 12’’C. 

Figs. 18 and 19. Showing the relation lietwecu temperature and |iulsalion. 
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Contribution to the Research on the Respiration of Fishes. 

I. On the Hydrogen Ion Concentration and the 
COrgas Content and Capacity of Fish Blood.*^ 

Bv 


Seiji Kokubo. 

We have already a considerable number of works concerning the 
hydroj^en ion concentration of bJood, which have been suddenly added 
during the last two decades. The introduction by CurxEN (1922) of 
an unique method of colorimetric determination of the pi I value of 
bkxxl much accelerated the study of this relation. These arc, however, 
almost confined to normal and pathological conditions of man and 
several common mammals, while the fisli has scarcely been investigated 
in this regard, and the invertebrates, such as insects, and etc., have 
only been touched uixin. 

In the air-breathing land animals the blood is in contact with the 
atmosphere while it is pas.sing through tlie capillaries of the lungs. In 
the water inhabitants, such as the fish, the blood in the capillaries of 
the gills is brought, on the contrary, into direct contact with the 
water. As the atmosphere, which is the respiration medium of land 
animals, has a very constant character in its composition, the tension 
of gases do not particularly influence the blood of animals, unless the 
animals go to an extraordinary high altitude or unless the respiration 
is done in an abnormal manner, as in the case of pathological or 
anesthetized conditions. Indeed, tlie blood of land animals has but an 
indirect relation upon the respiration medium concerning the hydrogen 
ions, giving off the CCVgas of the blood into the air and thus 
decreasing the hydrogen ion concentration of the blood, or, inversely, 
diffusing the CO»-gas of the air into the blood and thus increasing the 
hydrogen ion concentration of the latter. With regard to the respiration 
medium of hydrobios, i, e., water, however, not only the pressure 
relation of and CO^ differs from tliat of the atmosphere, but also 

* A contribution from the Marine Biological Station, Asamu.*»hi, Aomort-Ken. 
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this relation varies according to biolc^ical and physical causes, and, in 
addition, the bl(x)d of water inhabitants contacts directly the hydroxyl 
or hydrogen ion of the water and the reaction of the latter has a 
direct relation upon the blood reaction. Accordingly, the regulation 
of the reaction, that is to say, the controlling of the acid and base 
e(]uilibriuni, must be an indispensable faculty of hydrobios. 

Powers (1922) investigated the fish blood from this point of view 
and stated that the acid-base equilibrium is somewhat rapidly changed 
in some fish for the purpose of accomodation to the environment. 
'Fhe method he employed was, however, Mariott’s colorimetrical 
method which considers the pH value as the relative alkaline reserve 
of the blood and hence the actual alkaline reserve, i. e., the content 
of the CO,-gas of the blood, was not estimated in his case. 

The present ^investigation was undertaken to throw some light upon 
the relation of the hydrogen ion concentration to the COj-gas content 
of fish blood, and to point out the difference which may exist among 
several species of fishes and between them and the mammalian. I 
have chosen as material fish from fresh and from sea water. As is 
familiar to the student of haemology, the fish blood differs a good deal 
from the mammalian, at least in regard to the morphology of the 
corpuscles; some further differences may be expected as regards the 
concentration of the hydrogen ion when it is made clear. 

As experimentally well known, the acidosis of land animals can 
be brought alx)ut by an acid containing diet or by the injection of 
acid into the circukitory system. In water breathers acidosis is (|uite 
easy to cause by simply changing the hydrogen ion concentration of 
the water used for respiration. It follows that the hydrogen ion 
concentration and the CO,-gas content of fish blood can be altered by 
the environmental condition, hence I have endeavoured to estimate the 
COg-content and the CfVcap^city together with the pH value. 

rhe study of the hydrogen ion concentration was carried out by 
the colorimetric method, and the COj-gas volume was determined 
exclusively by the Van Slyke blood gas apparatus. 

The material employed consisted of two species of fresh water fish, 
six species of sea fish, a sjx:des of Echinodermata (Cauditta) and 
a Mollusca (Area), as the following table shows: 

1. Mnstelns manaso (Hosizame) 
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2. Cyprinus carpio (Carp) 

8. Salmo iridiiis (Rainbow trout) 

4. Leuciscus haknatsis (Ugui) 

6. Scriola aurcovittata (Ruri) 

Pscudomonacanthm viodesins (Uniadurahagi) 

7. f.ateolabrax Japoniats (Sii7Aiki) 

8. Pagrosomus major (Tai) 

9. Caudina chilcnsis (Sironamako) 

10. Area inflaia (Akagai) 

Here 1 express niy heartiest thanks to Prof. S. Hatai for his 
kindness given in the course of the present investigation, especiall)^ in 
the preparation of the manuscript. 

r. METHOD. 

1. Blood collection. 

a. Method of blood collection. As the fish heart is of very small 
bulk, bleeding is not ea.sy in contra.st to the mammalian heart, from 
which the blood can be obtained simply by a syringe after incising 
the thoracic cavity. While the thoracic muscles of fish are ver)" thick 
and strong the heart and the blood vessels are exceedingly delicate, 
and, furthermore, the heart is situated not only deep, but tlie pulsation 
is feeble and, in addition, its |X)sition is highly variable in different 
.species. The operation is therefore by no means easy, and there is 
necessity of .some exercise of skill in withdrawing the blood without 
touching the air, esjiecially from floundering fish. I always used the 
heart puncture in collecting the blood. As to the precise method of 
puncturing, it will be mentioned under each species which is dealt with 
in the following. 

In Cyprinus, with which the ilescription is commenced, the heart is 
situated on the line connecting the posterior end of the ba.sal borders 
of the pectoral fins on both sides. Accordingly, the blootl may be 
obtained by inserting the .syringe needle into the middle jx>int of this 
line. In Salmo the insertion must be made in front of this line, a.s 
the heart i.s found a little more anteriorly. Leuciscus has the heart in 
a little anterior part of the line connecting the anterior end of the 
basal line of the pectral fins, so the syringe needle is inserted in the 
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middle ix)int of the line which connects the posterior end of the 
operculum. Scriola is operated upon the line connecting the bases of 
the subopcrcula on both sides, becatfsc the heart is a KttJe anterior to 
the line connecting the posterior end of both the opercula. In the 
laterally compressed Pseudomo7t4icanthns, the syringe needle is inserted 
from the lateral side at a height immediately anterior to the clavicle 
bones, between which the heart is situated. In this fish the blood 
drawing is not difficult owing to the moderate size of its heart. In 
Latcolabrax and Pagrosomus the operation is made in front of the line 
connecting the posterior margins of the preopercula on both sides and 
on the level of the base of the pectral fins and just anterior to the 
preo{x;rcula, where the heart is most conveniently punctured. 

In MNSielus, whose sinus venosus is situated dorsally and posteriorly 
to the ventricle, the needle is operated obliquely dorsally and posteriorly 
from the ventral median zone between both the pectoral fins, so that 
it passes through the ventricle from the ventral surface and pierces 
the sinus venosus, from which the blood is withdrawn. 

In the case of Candina the bleeding can easily he accomplished 
protecting the blood from the air either by incising the body wall under 
paraffin oil or by inserting the syringe needle into the body cavity of 
the animal. As to Area, the method is quite different. By removing 
the shell from the animal, the heart is exposed in vivo and the blood 
is collected from the heart into the syringe in the ordinary way. 

Ik Bfood collecting apparatus- The apparatus, with which the 
blood was taken out, was a syringe and a spray bulb. The syringe 
consists of a needle and a 1 cc. pijictte graduated to hundredths, or 
sometimes a 2 cc. pipette graduated to fiftieths of 1 cc. The .spray 
bulb was furnished simply with a rubber tube and the pippette was 
applied on the distal end of the latter when the apparatus was employed 
for blood suction. At the time of use, the terminal part of the pippete 
was filled with paraffin oil to preve^^t the contact of the blood with 
the air. The blood then contained in the pipette was discharged into 
a centrifuge tube containing the saline indicator solution, which was 
covered with a thin layer of paraffin oil. 


2. Colorimetry. 

There have hitherto been advanced three different methods for the 
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colorimetric estimation of the pH value of blood. In 1916, Rovyntkek 
and Mariot formulated for the first time a colorimetric method which 
awakened the lively interest of heamologists. This method consists in 
a dialysate of the blood which is obtained by using a seniii)ermeablc 
membrane and is then turned into the proper colour by the addition 
of an appropriate indicator. In his recent paper, Cullen (1922) gives 
a very practical method, which is very simple and consists essentially 
in the use of a nonbuffer saline solution having a definite pH value 
and already containing an indicator. The pH value is determined by 
comparing the serum diluted with this solution with the colour standitrd. 
This method, with certain modifications made by Mver and Hawkins, 
is now most extensively used. In tlveir latest publication, Hollo and 
Weiss (1924) give a new metho<i in which the plasma, diluted 14 
fold with the buffer saline solution containing neutral red, was used as 
the colour standard. On the other hand, 0.5 cc. of phosphate mixture 
is added to 2.5 cc. of the 10 fold diluted plasma and is titrated by 
dropping n/lOO HCl solution until the colour of the solution becomes 
just the same as the colour standard. The pH of the original plasma 
can be obtained from the volume of HCl used in titration. 

Of the three above mentioned procedures, the method by Hollo 
and Wei.ss is not yet confirmed by others, but Cullen's method was 
preferred to Kowntree’s and i.s now affirmed and recommended by 
several authors. In the present work I employed this method with 
some modifications concerning minor points, which are given in the 
following. 

a. Saline sobttion. The .saline solution lused to dilute the plasma 
was prepared by re-distilled water free from COg. To drive out the 
CO 2 from the re-distilled water I boiled it in a pure pyre.x flask and 
introduced the CCV^^c when it cooled. Then NaCI and the 
imlicator (0.02 9^ phenol red) was added and the pH was adjasted to 
7.40. As the reaction of this solution is very delicate, it always shows 
a tendency to become acid, .so that it was extremely difficult to keep 
the correct pH unchanged for a long time. To overcome this difficulty 
I used an ordinary pyrex flask provided with a rubber stopper through 
which two glass tubes were pa.sscd. One of these glass tubes reached 
only to the inner surface of the cork, while the other one was .so long 
a$ to reach almost to the bottom of the bottle. The solution which 
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was prepared flowed out from the shorter glass tube when the flask 
was turned upside down; the air free from CO^ was introduced into 
the bottle through the longer glass tube. Even in this case a slight 
change of the pH of the saline solution could not be avoided, but a 
change less than pi I 0.1 did not affect the result. 

For the isotonic concentration of the saline solution, 0.8 9^ was 
preferred for fish bl(X)d, while 3.6 was used for the blood of Mustelus, 
CiViduia, and Area. 

b. Colorimetric standard, h'or the colorimetric standard of the pi I 
of blood, Sohe;nsen’s phosphate mixtures are commonly made from an 
m/16 solution of secondary sodium phosphate (NagHPC.)^) and primary 
potassium phosphate (KHaPO^). In the present investigation the 
primary and secondary sodium phosphate was made from Merk’s NaOH 
and phosphoric acid in the following way: 

10 cc. of phosphoric acid was diluted with 100 cc. of distilled water 
and titrated with 1 normal NaOH solution, using phenolphthalein as 
the indicator. The titration was finished when a distinct rose colour 
appeared. If in this case, 10 cc. of diluted phosphoric acid neutralised 
20 cc. of 1 normal NaOH solution, it could be taken as a correctly 
1 mol. solution. The ni/15 primary and secondary phosphate could be 
obtained from this 1 mol. solution by the following way. 

1) m/15 Prim, Sodium Phosphate. ... 10 cc. of 1 mol. pho.sphoric 
acid-flOcc. of 1 normal NaOH solution130 cc. of distilled 
water. 

2) m/16 sec. Sodium Phosphate. ... 10 cc. of 1 mol. phosphoric 
acid 4* 20 cc. of 1 normal NaOH solution 4-130 cc. of distilled 
water. 

The proportion of these two solutions, which are thus mixed, is 
the same as tho.se ordinarily used by mixing a .solution of crystalline 
phosphate .salts. In my case nine different standards were employed 
covering the pH range from 87.0 to 8.8, the standards differing by 0.1 
of pH, while Cullen used in hi.s investigation colour standards differing 
by 0.06 of j)H. Each colour standard contained 6 cc. of phosphate 
mixture with 0.25 cc. of 0.02^6 phenol red solution in a pyrex test 
tube 14 mm. in diameter. 

c. Dilution, According to the results obtained by Cuixen, horse 
serum shows a continued increase in alkalinity when it is diluted with 
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0 . 99 ^ NaCl solution up to a dilution of 15 to 20 fold and beyond a 
20 fold dilution the change of alkalinity becomes so small as to be 
practically neglij^ible. This is the reason why he chose the 20 fold 
dilution as optimal. Whilst in my exi^eriencc with Cavia a similar 
result, such as Cdixen’s was reached, but the fish in this rcs{)ect was 
(juite different and the pH never reached any fixed limit associated 
with the dilution, thus it seemed advis;iblc to choose as many different 
dilutions as jxissiblo. 1 have limited my observation to the following 
dilutions: 0, 11, 21, 51. aiul 101 fold with saline solution. As 2 cc. 
of blood was collected from a fish at one time in most cases, .several 
grades of dilutit)n were easily prepared. 

(L CofTfctioji. In the warm blooded animals, like the Mammalia, 
the blood reaction ought to he tested under body temperature, or if 
tested under room temperature the result must he converted into that 
of body temperature. In fish, however, the body temperature is 
controlled by the water tem|XJrature in which they live, and Tanges, 
in general, between 0‘*-28®C. In my investigation the saline solution 
and the colour standard were kept for long time in the same room 
where the temperature variation war very slight, and as the addition 
of bkxjd hardly alters the temf)erature of saline* .solution, the colorimetric 
reading was directly made without further correction for temperature 
variation in all cases. 

3. Estimation of the COjj-gas content and capacity. 

For the estimation of the content and capacity Van Slyke’s 

blcKKl gas api)aratus was employed, in every case either whole blood 
or serum was u.sed. In the ca.se of whole bkx;d, IO94 lactic acid, 
and in the case of serum d^o solution of was used. 

To determine the C( Vcapacity, 2 cc. of o.xalated plasma was placed 
in the tonometer of about 350 cc. capacity, introducing the alveolar air 
into the tonometer. The equilibrium with the alveolar air is brought 
about by the tonometer, which was shaken for one and a half minutes 
in such a Nvay that the blood was evenly distributed along the wall 
of the tonometer and the shaking continued for half a minute more. 

The carbon dioxide content and capacity of the blood and the 
coelomic fluid of marine forms was investigated by Corxip (1922). 
Hi.s e.stimation, however, was accomplished with blood shed from 
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severed caudal vessels, in the case of fish, and hence tlie Wood was 
naturally exposed to the atmospliere. Therefore tl>e value which he 
calls the carbon dioxide content can not be absolute, but only a 
relative alkali reserve of the blood, because the blood will liberate the 
carbon dioxide if it was equilibrated with the atmospheric air. Conse¬ 
quently, the figure which he shows as the carbon dioxide content must 
indicate a somewhat smaller value than in the natural state. In my 
investigation, however, the blood used was drawn directly from the 
heart by a puncture and as it was never exposed to the air. the results 
show the carbon dioxide content in the true sense in all instances. 

ir. EXPERIMENTS AND RESUJTS. 

EXPERIMENT I. Mosizame {Mustelus mmiazo)^ 

A. Case history. 

Hosizame is a kind of common shark, an yearly frequenter in 
Aomori Bay during July, The fish which I emplt:>yed in the experiment 
was caught on the beginning of July and was kept until the c.xperiment. 
It was 42 to 79 cm. in length and 1*^1 to 1385 gms. in weight. 
Though the blood can be withdrawn by a lieart puncture, as already 
described, a quantity of blood may also be collected by inserting the 
syringe needle into the sinus venosiis when the abdomen is cut ojx:n. 
The blood from one individual was sufficient to determine the pH of 
varyii^ dilutions and the CCVgas content of the whole blood. 

B. Results. 

1. Hydrogepi Ion Concentration. Alkalinity of the blood of this 
fish was very high in comparison with that of the other fishes. It 
showed a pH value of 7.65 in 6 fold dilution ; in 11 to 21 fold dilution, 
however, it becomes 7.72, .showing a slight increase of alkalinity. By 
further dilution the alkalinity again diminislied, indicating pH 7,69 in 
61 fold dilution and 7.63 in 101 fold dilution. 

2 , COf-gas content. According to the eight deterxmnations recorded 
in the TaWe I, the CO^-gas content of this blood showed 7,8 to 
13J2 vol. 96 with the average value of 9.1 voL 96 . This content is 
a Uttle smaller than that the Umazurahagi {Pseudomonacemthns 
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modestus). Between <^he pH and the CO^-gas content some parallelism 
is seen. For instance, the Table I .showed the CCVgas content of 
13.2 vol. o/q in No. 8 and 9.3 vol. % in No. 4 and in corres{X3ndencc 
with this the pH values in 11 fold dilution were also as high as 7.80 
and 7.77 respectively. 


Table 1. 


Case 

— 

licKrer uf <lUnlK>n 


«»r 

Dimensions of ii.shes 

'1 

'ime 

1025) 

No. 

6 

11 

21 

61 

101 

(.Oil" 

tent 

I .eni:th j I leijiht AVelchi 

:S 

c 

u 

% 

I four 


fold 

fold 

fold 

fold 

fold 

vt.l. % 

(cm.) , 

^cm.) 




1 

.... 

7.75 

7.7.^ 

7.70 

7.66 

i 

1 7.S 

•18.0 i 

r».H 

260 

VII 

27 

ft.OOa.m 

2 


7.7:i 

7.7;j 

7.70 

7.fi4 

1 7.8 

47.0; 

."J.ft 

277 

VIT 

27 

ft.,’'»0a.m. 

a 

7.65 

7.70 

7.68 

7.02 

7.58 

i 

42.0 ; 

.‘l.O 

1 lft5 

vri 

27 

lO.OOani. 

4 

— 

7.77 

7.77 

7.74 

7.6ft 

ft. a 

44.7 1 

;).5 

1 226 

|VII 

I 27 

10.26a.m. 


— 

7.65 

7.66 

7.65 

7.60 

I 8.8 

57.0 1 

4.0 

46.1 

IVll 

27 

10.50a.ni. 

H 

1 

7.74 i 

7.74 ! 

7.72 

7.54 

1 ft.O 

i 47.0 1 

a. 2 

181 

iVII 

27 ; 

11.26 a.m. 

7 

— 

7.64 I 

7.66 

7.64 

7.60 

1 8.8 

57.8 ! 

4.7 

1 470 

IVII 

27 

11.46a.in. 

8 ; 

7.65 

7. HO 

7.80 

7.75 1 

7.7B 

i;].2 

1 7ft.O ; 

5.8 

1 1185 

VII 

27 

12.10p.m. 


7.66 

7.72 

_1 

7.72 

7.60 

7.6.'5 

1 ».i 

1 — 1 

1 1 

— 

1 

1 


— 

— 


The pH and the content of the l>)«»d of Mmtelus, 


EXPERIMENT 11 . Carp {Cyf^riiius crapio). 

A. Gise history. 

The carps used for this experiment were cultured in the culture 
ix>nd of the University of Sapporo and were kept thereafter in another 
small pond ever since 1923. Before the cxjjcriinent the fishes were 
jnit about one week in an aquarium of the laboratory. 'Fhc reaction 
of the pond water was always pH 8.7 and the tap-water used for the 
experiment was drawn from this jjond. 

The material employed was all three years old, with the lx)dy 
length varying from 20.3 to 27.5 cm. and the body weight from I6f) 
to 285 gms. The ex{>criment was carried on repeatedly in the course 
of the spring of 1924 (from March 26 to April 16). The water 
temperature ranged from 3“.5 to 10^C. and the air temperature from 
9". to 20“.C. 

The blood used in the experiment was diluted 3 to 101 fold. For 
the 3 fold dilution 1 cc. of blcxxl was discharged into 2 cc. of saline 
indicator solution, and for 6 fold dilution 1 cc. of blood was added to 
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5cc. of the same solution. For the 11 to 101 fold dilutions, 0.5 to 
0.05 cc. of blood was added to 5 cc. of saline solution. 

H. Results. 

1. pH value. According to the results obtained from 31 experi¬ 
ments, the blood of carp showed a pH value of 7.()1 at three fold 
dilution, 7.h3 at 6 fold dilution, 7.60 at 11 fold dilution, 7.54 at 21 
fold dilution, 7.47 at 51 fold dilution, and 7.41 at 101 fold dilution. 
A slight increase of alkalinity was observed when the dilution went 

Tablk II. 




-prr- 

flJrt»ree of dilution) 


Tempera¬ 
ture (Cl*) 


i‘ i.sh 

(Dimensions) 

Time 

(1024) 

('asc 
No. 

fold 


2 

2 

2 1 IS 

0 ' 3 

2 

S 

s 

2 

V. 

B 

C3 

■£ -vis.-. 
^Si-^S 

eight 

ms.) 

g 


Hour 


c? 

o 


rH • r- 
« 1 

§ 

(2 


is 


hU 

> ^ 


& 


1 

7 •i)2 

7.65 

7.61 

: 


I.'i.O 

6.5 

6.7 

20.6 

5.6 

157 

April 

»» 

0 

1 .,50 p.in. 

2 

7.60 

7.62 

7.50 

— 1 — 

— 

16.0 

7.7 

6.725.5 

0.5 

185 

99 

5.50 p.m. 

a 

7.60 

7.62 

7.60 


— 

10.6 

6.0 

6.724.5 

6.8 

210 



11 ,.50 a.in. 

4 

7.54 

7.60 

7.57 

.— i 


10.6 

6.0 

6.7 

25.4 

0.5 

185 


99 

N(K)n 

f) 

7.7017.74 

7.74 

— 1 — 

— 

10.6 

6.0 

6.7 

26.0 

6.6 

2:t0 


f* 

12.50 p.m. 

(\ 

7.58 

7.60 

7.50 

— i — 

— 

15.8 

7.5 

6.7 

24.0 

6.4 

207 


.. 

4..50 p.m. 


7.62 7.65 

7.60 

~' 1 — 

— 

It.8 

6.8 

6.7 

27.5 

6.7 

240 


10 

10.50 a.m. 

8 

7.61 

7.6.5 

7.60 

— 

— 

15.0 

7 

rt.7 

24.0 

6.5 

211 



11.50 a.m. 


7.57 

7.00 

7.56 


— 

10.0 


6.7 

24.5 

6.0 

185 



1..50 p.m. 

10 

7.62 

7.64 

7.65 

- ! 


20.0 

0.8 

6.7 

20.5 

5,7 

1.50 

M 


4.00 p.m. 

11 

_ 

7.«2 

7.62 

7.61.7. 577 .50 

1.5.0 

5.0 

6.7 

2;5.7 

6.2 

1821 March 

25 

5.00 p.m. 

12 

— 

7.61 

7.«2 

7.(>or.r.8|7.48 

1.^.0 

4.5 

6.7 

25.0 

6.7 

225 



5..50 p.m. 

1.‘5 


7.6417.60 

7 . 527 . 47 I 7.41 

15.5 

4.7 

0.7 

2.^.0 

6.1 

178 


26 

11.00 a.m. 

14 

— 

7.62 

4 .55 

7.4fil7.:i«l7.:i2 

15.5 

4.8 

6.7 

25.0 

6.6 

215 



11.50 a.m. 

ir> 

- 

7.62 

7.56 

7,.5f.:7.47 7..^l 

i.n.6 

4.8 

6.7 

25.0 

6.5 

210 

99 

99 

11.50 a.m. 

10 


7.64 

7.62 

7.t)0| -- 

— 

0.0 

5.5 

6.6 

25.0 

6.0 

175 


27 

12..50 p.m. 

17 I 

— 

7.6.",i7.6y7.48:7.fi.'; 

7.48 

!15.0 

4.8 

6.7 

22..‘5 

6.5 

285 


51 

11,00 a.m. 

18 i 

— 

7.60 

7.58 

7.5517.457.55 

jl5.0; 

1 4.8 

6.7 

24.1 

6.4 

215 



11.50 a.m. 

10 

— 

7.65 

7.64 

7,6(il7.21'7.4'> 

I 15.0 

4.8 

6.7 

22.2 

6.6 

I'.K)! „ 


11.45 a.m. 

20 

— 

7.647.6.57. (K);7.517.40jl .5.0 

: 4.8 

6.7 

25.5 

1 6.0 

188 

,, 


11.55 a.m. 

21 

— 

7.657.65 

7.60.7.607.50115.2 

i 4,8 

6.7 

21.0 

5.8 

140 „ 


12.10 p ni. 

22 

— 

7.57 

7. «2 7.5117.4!) 

7.47;11.2 

7.0 

6.7 

22.0 

6.1 

170 

A|)ril 

M 

11 

11.00 a m. 

2 :i 

— 

7.6517.647.6117.44 

7..18I2.0 

! 7.0 

6.7 

22.1 

6.2 

180 


11 ..*10 a.m. 

24 

— 

7.."US!7.,55 

7.287.26'7.2012.0 

: 7.0 

6.7 

25.1 

6.1! 185 



11.40 a.m. 

25 

— 

7.6617.66 

7.607.5017,50|l8.2 

1 8.0 

6.7 

22.5 

6.2 

1751 .. 


2,.50 p.m. 

2(> 


7.65:7.617.587.50 

- 

10.5 

8.0 

6.7 

l25.8| 6.5 

180 

«» 

»» 

.5.00 p.m. 

27 

-* 

7.64 

7.52 

(7.487.45 

7.56i 

10.71 8.0 

6.7|22.5 

6.0 

165 „ 

1 

1 ** 

.‘{,50 p.m. 

28 

1 

7.70 

7.71|7.64;7.57 

7.50 

11.6 

8.5 

6.7 

!22.0I 5.5 

14.'i 


14 

2.50 p.m. 

29 

! ““ 

7.65 

7.617.407.44 

7.41 

12.1 

8.5 

6.7|20,5 

6.5 

175 


' 1 

.5,15 p.m. 

50 

1 — 

7.64 

7.6.*’ 

7.607.50 

7.40 

18.010.0 

(i.rzn.o 

6.0 

165 

• 9 

15 1 

6,00 p.m. 

;n 



7.60|7.48i7.48 

7.41il8. 0 : 10.0 

6.722.8 

5.6 

150 


1 ,, 

5.;10 p.m. 

Mean 

7.61 

7.65 

7.C0 

j7.64j7.47j7.41 

— 

— 

— 

25,2 6.2 

1 

180 

- 

b: 

, — 


'I'hc pll of carp f>lood in varyinj; dilutions. 
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from 3 fold to (> fold, and at 101 fold dilution the alkalinity decreased 
as much as 0.2 when compared with that of 3 fold dilution. 

The chanf^es of alkalinity caused by dilution are much different 
according as to the use of carp bl<x)d or mammalian blcx)d. TUq cari^ 
blood showed a gradual decrease in its alkalinity with an increasing 
dilution when studied colorimetrically; the mammalian blood, on the 
contrary, increased its alkalinity rather rapidly with dilution, as seen 
ill the results obtained from the studies on the blood of the guinea 
pig, whicli agree with those by Cullfk (11)22), as can be recognized 
in the following table;. 


Degree of dilution | 

Guinea pig | 

<; f<.id 

, 11 fold 

•J1 foW ' 

51 fold 1 

1 101 foUl 

7.:io 

7.ai 

i 7.r>i 

j 7.4!l 

7.r>r> 

7. An 

7.r>s 

7.68 

7.00 

7.00 

i_ 

Average | 

7.ai 

j 7.60 

7.54 

7.68 

7.00 


'riic comparison of the case of the carp with that of the guinea 
pig shows the dilution curve seen in the annexed figure. 


Fk;. 1. 



Ordinate, pH value. 

Abscissa, degree of dilution (fold). 


Six fold dilution shows the highest pH value and seems in the 
case of the carp blood to indicate accordingly the maximum alkalinity, 
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sa that this dilution may be taken as the optimum in this colorimetry. 
As a rule the higher dilution is the end reaction and becomes more 
indefinite, thus giving a greater value of deviation from the mean, 
consequently too high a dilution is not desirable. 

By the 3 fold dilution the maxium alkalinity showed a pH value 
of 7.70, and the minimum showed 7.54, while by the dilution of 101 
fold maximum alkalinity showed a pH value 7.50 and the minimum 
showed pH 7.20. To determine the effect of further dilution, 251 fold 
and 501 fold were tested, and the results were that the 251 fold 
dilution showed a 0.03 to 0.15 lower pH value than the 101 fold 
dilution, and same amount of difference was obtained from the 501 fold 
dilution. 

Furthermore, the alkalinity of blood from the two individuals was 
examined at different times. As seen in the following table the results 
of this experiment showed some discrepancies. In one case the blood 
alkalinity showed a little increase while in another case it showed a 
distinct decrease. 





,,it 




Water- 

1 Dimensiunsi of fishes 






Date 




Wi 

6 

11 

21 

1 

101 

(1926) 

temp. 

(0>) 

Length 

I icight 

Weight 


fold 

fold 

fold 

fold 

fold I 

(cm.) 

(cm.) 

(gms.) 

i 

(^asc I 

7.63 

7.60 

7.46 

7.42 

7.36 

IV, 1, l.OOp.ra. 

4^0 

26.0 

6.5 

210 

7.64 ; 


7.68 

7.60 

7.49 

IV, 11, 6.00i>.iti. 

10^.0 

Ctise 11 

7.70 ! 
7.18 

7.80 

7.23 

7.80 

7.22 

— 

1 

IV, 9, 4.46p.m. 
IV. 11, 4.80p.m. 

7^5 

6\7 

22.0 

6.1 

176 


As a study of a pathological condition, I examined a fish (length 
17.5 cm., height 5 cm., weight 85 gms.) iibout to die from Saprolegnia. 
The alkalinity showed a value of pH 7.80. Another fish (length 
26.0 cm., height 6,4 cm., weight 220 gms.) which was weakened on 
account of the damaging of a gill, showed an alkalinity of pH 7.75. 
In a third fish (length 26.0 cm., height 6.4 cm., weight 220 gms.) which 
was exhausted by tlie loss of Wood of the previous day, this value 
sliowed pH 7.60. 

2. CO^-gas content. To determine the COj-gas content and the 
pH value simultaneously 2 cc. of blood was collected from an individual, 
and one half of it was used for the estimation kA the CO^-gas, while 
the other half was employed for the determination of the pH value* 
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With ease the material could be collected from a somewhat larger 
fish. The fish, brought from a fish-farm, had been cultured in a small 
aquarium fed with tap water of pH 8.40 and temp. 6.0®C. 

As the results of sixteen determinations, the alkalinity of the blood 
indicated a pH value of 7.07 in mean, showing a good coinoidence 
with the pH value aforementioned, i. e., 7.63 at 6 fold dilution. The 
value of each determination varied, however, in a wider range in 
comparison with those of Table I. This may probably be due to the 
influence of the high pH value of tap water, as the pi I of the blood 
showed the lowest value of 7.35 on an average in the experiment on 
the 19th, pH 7.63 on the 21th, suggesting a little increment, and 
finally showing the highest mean value of 7.88 on the 22th. This 
fact shows that the blood pH was still equilibrated with the native 
water on the 19th, though it acclimatized step by step to the high 
alkalinity of the tap water from the 21th to the 22th. 


Table III. 




C02*|'as 

Dimensions of 

fishes 


Time (U>J5) 


No. 

pH 

content 

vol. 

i.ength 

(cm.) 

Height 

(cm.) 

Weij'ht 

(^ms.) 

Month 

Date 

Hour 



7.4,5 

,34..3 

32.2 

8.5 

521 

111 

19 

3.30 p. 

m. 

2 

7.55 

49.2 

• 31.6 

8.8 

5.37 

,, 


4.05 p. 

m. 


7.40 

41.8 

31.8 

8.8 

490 



4.30 p. 

tn. 

4 

7.65 

41.4 

34.5 

8.6 

535 



4.55 p. 

ni. 

5 

7.60 

41.5 

33.0 

8.6 

500 


99 

5.20 p. 

m. 

0 


46.4 

.31.7 

8.7 

520 



6.00 p. 

m. 

7 


56.8 

31.5 

9.0 

530 



6.20 p. 

m. 

8 

— 

i 48.0 

,31.0 

8.8 

537 


21 

3.0t> p. 

m. 

9 


! 39.6 

33.0 

8.6 

500 


,, 

3.20 p. 

m. 

10 

7.50 

28.3 

;i4.6 

8.6 

542 

.. 

,, 

9.40 a. 

in. 

IT 

7.70 

1 33.0 

33.5 

9.4 

535 


», 

10.40 a. 

m. 

12 

7.70 

47.6 

83.2 

9.0 

535 

?» 

», 

11.30 a. 

m. 

13 

7.80 

! 58.7 

32.5 

8.5 

430 

»» 

22 

1.16 p. 

m. 

14 

7.SO 

48.8 

32.0 

8.8 

467 



1.60 p. 

m. 

iri 

7.90 

53.8 

63.0 

9.8 

635 

1 » 

,, 

2.30 p. 

m. 

16 

8.00 

53.6 

81.6 

9.5 ! 

536 


,, 

3.20 p. 

in. 

Mean 

7.67 

45.2 

[ 




— 

— 



As can be seen in the above table, the C02-gas content of the 
blood of the carp fluctuated in a range of 28.3 vol. o/q to 68.7 vol. 
o/o with the mean value of 46.2 vol. 9^. According to this value the 
COj-gas content of the filood is in this case about 90^^ df the human 
venous blood and almost equal to that of the arterial blood. Seeing 
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the relation between the pH and the COj-j^as content, we are struck 
by the parallel increase and decrease of both the values. When we 
arrange each determination according to the rising value of pH, the 
increase of the CO^-gas content can easily be seen (Fig. 2). It is thus 
obvious that both the pH and the COj-gas content showed a little 
deviation from the mean value. This is because the fish was about 
to lx.*come acclimatized to the high alkalinity of tap water. 

Fin. 2. 



Kelalion lx:twecn the pll and the (!< V.-CDOtent. 
Broken curve — pif 
Omlinued curve — 

No. on left side — pH 

No. on right side— % of CO 3 

Ni). on ai)scis.sa — No. of case 


EXPERIMENT III. Rainbow trout (Sa/wa iruUus), 

A. Gise history. 

The rainbow trout, Salmo iridius, is a fresh-water Salmonid fish 
which is cultured in the pond. The present investigation was under- 
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taken at the hatchery of Aisaka, Aomori prefecture, where the fisli 
is reared and cultured for economic f)ur|X).ses. The fish employed were 
all 4 to 5 years old and measured 36.4 to 49.0 cm. in length, 8.1 to 
10.6 cm. in height, and 555 to 1600gms. in weight. 3 cc. of blood 
was drawn from one fish, 2 cc. of which was used for the determination 
of the hydrogen ion concentration, and the rest for the estimation of 
the ("Oj-gas content. The blood was not oxalated in all the cases, as 
there is a tendency to cause haemolysis by the addition of potassium 
oxalate. 

In as much as the fish are very gentle, the bleeding could easily 
be carried out by a heart puncture, .some one else holding the abdomen 
towards the operator. The fish never died after the ojx-'ration if it 
was replaced in the jxmd at once. 

li. Results. 

1. Hydrogat Ion Concentration. As far as concern the prc.scnt 
11 determinations, the blocnj of the rainbow trout showed a pH value 
of 7.28 at 6 and 21 fold dilution, 7.20 at 11 fold dilution, and 7.27 
at 61 and 101 fold dilution. As a marked di.stinction from the case 
of the carp, the blood of the rainbow trout showed but only a .slight 
change according to dilution (Sec iMg. 3). Although it shows a slight 
increase at the 11 fold dilution and a slight decrease at the 51 to 101 

Taule IV. 




— — pr-— 

Degree uf dilutiun 


c 

3 \o 

Diihcnsions of 
fishes 


'rime 

(1923) 



Case 















No. 


a 

a 

-2 

"C 

o ^ 

^ d 
c e 

f 5 

■wo <A 

c 

3 

Hour 



«C 



O 

o 

U 


a ^ 

> 5) 


G 




1 

7.»> 

7.30 


7.30 

7.80 

19.7 

36.4 

8.2 

655 

Apr. 

28th 


a. 

m. 

2 

7.43 

7.43 

7.43 

7.43 

7,43 

19.5 

foS3 

8.8 

704 

•• 

.. 

12.30 

P- 

in. 

.‘t 

7.8f> 


7.48 

7.42 

7..38 

22.9 

49.6 

10.6 

1600 

»» 

.. 


P- 

m. 

4 



7.29 

7.29 

7.29 

24.8; 


10.0 

1110 

1 •' 

I •• 1 


P' 

m. 

6 

7.85 

7..32 


7.80 

7.30 

31.1 

49.9 

lESl 

1074 

1 ” 

1 *• ' 


P- 

tn. 

6 

7.85 

7. .33 

7..31 


7..30 

27.3 

44.5 

9.3 

862; 

1 

>> 

1 1 

3.26 

P- 

m. 

7 

7..36 

am 

7..34 


7.32 

20.4 

37.8 

8.2 

1 555 ! 


j " ' 

3.40 

P- 

in. 

K 

7.15 

7.20 

7.18 

7,18 

7.20 

27.8 

48,4 


1186 j 


1 .. 

4.25 

P- 

ni. 

9 

7.15 

7.17 

7.17 

7.16 

7.16 

26.1 

.36.4 

8.2 

556 


1 .. 

4.45 

P- 

m. 

10 

7.26 

7.27 

7.26 

7.26 

7.26 

21.6 

.38.1 

8.1 

667 

.. 

1 •• 


P' 

m. 

11 

7.05 


rasa 

7.05 


28.6 

.39.4 

8.7 

667 


.. 


P- 

m. 

Mean 

7.28 

7.29 

7,28 

7.27 


24.0 

— 

— 

_ _ 1 

1 

— 





The pH and the CO^-gas content of the Wood of Rainlx>\v trout. 
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fold dilutions, it resembles Latedabrax, PagrosomnSt and Pstikiomma- 
canthiiSt as will be stated later, because it shows no marked change 
by the dilution. 

2. CX\‘gas content. The CO^-gas content ranged between 19.6 
vol. ^ and 31.1 vol. indicating a mean value of 24.6 vcA. fi, 
which corresponds to alx)ut 54.09^ of that of the carp and about 
49.0 9 ^ of that of the human \'cnous bkxxi. There seems, in this case, 
to be no definite relation between the pll and the COo-gas content as 
seen from the fact that the content changes considerably even 

for the same pH value; for instance, the COg-gas content was 19.7 
vol. 9^ in the case of No. 1, 'whereas it showed 31.1 and 27.3 vol. 
9^ in the case of No. 5 and No. 6 for the same pH value of 7.36. 
A low pH value for a high CO^-gas content and a high value for a 
low COg-gas content may be attributed to the tension of the free carbon 
dioxide of the blood. When blood has a high tension of free carbon 
dioxide, the pH may be low in spite of its high bicarbonate content, 
and when the carbon dioxide tension is held low, the pH may be 
high even though the bicarbonate content is relatively low. O^llip 
( 1920) gives a similar statement regarding the relation of the pH value 
arid the bicarbonate content of fish blood and of sea water. 

EXPERIMENT IV. Ugui [Lcifcisciis hohtcnsis), 

A. Case history. 

Ugui is one of the most familiar fishes which is caught in the 
vicinity of our station, mainly in the spring. It lives in fresh water 
as well as in .sea water and ascends the rivers from April to July to 
spawn. The fish employed in the present experiment were collected 
by means of a trap net set in the small river at a place 100 meters 
up from the estuary. Prior to the exjxiriment, however, they were 
kept in a sea water aquarium about three hours. The fish were all 
three years old and measured 32.0 to 36.0 cm. in length, 6.6 to 8.0 cm. 
in height, and 438 to 606 gms. in weight. Three or four cc. of blood 
was bled from one fish, of which 2cc. was employed for the deter¬ 
mination of the hydrogen ion concentration, and the rest for the 
e.stimation of the CO,-gas content and capacity, Bleeding was done 
as soon as the fi.sh had been beaten to deatli. 
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B. Results. 

1. Hydrogen ion concentration. The hydre^en ion concentration 

of the blood of this fish indicates just a value medium to that of 

Cyprinus and Salmo, showing a pH value of 7.45 in 6 fold dilution, 
7.44 in 11 fold dilution, 7.42 in 21 fold dilution, 7.39 in 51 fold dilution, 
and 7.36 in 101 fold dilution. A decrease of alkalinity by increasing 
the dilution is not so distinct as in Cyprinus ; on the other hand it is 
much more obvious than in Sabno. 

2. CO^-gits content and capacity. According to the present deter¬ 

minations, the COg-gas content of the blood of this fish ranges between 
16.4 to 20.2 vol. ^/o showing an average value of 18.3 vol. 9 ^, as can 
be seen in the next table. The C 02 -gas capacity amounted to 25.3 

to 27.8 vol. *>/o with an average value of 26.6 vol. 9 ^, showing a 

difference of 8.3 vol. 9 ^ as compared with the COj-gas content. 
The saturated jK)rtion, i. e., the difference between the capacity and 
the content, was 7.9 vol. 9 ^ in the minimum, 11.4 vol. Yo in the 
maximum, and 8.3 vol. *»/o on an average. The unsaturated percentage 
was 31.29^ in the minimum, 41.09© maximum, iind 31.29^ on 

the average. 

Table V. 


Case 

No. 



pTT 



CCL 

IlimenNioiis uf 
fi.shcs 

Time (1925; 


Degree of dilution 

1 

to 

*0 

.2 

s 

5 

s 

S 

0 

1 '.? 

Il 

Capacity 
vol. % 

Length 

(ctn.j 

•g’s 

£ 0 

OA 

ja 

1 

0 

& 

Hour 

1 

7.22 

7.20 

7.18 

7.15 

7.12 

19.3 


36.0 

7.0 

SS.? 

Apr. 

28th 

2. .30 p.m. 

2 

7.70 

7.70 

7.70 

7.70 

7.60 

17.4 

25.8 

33.0 

8.0 




3.00 p.m. 

8 

7.66 

7.66 

7.56 

7.47 

7.43 

18.1 

— 

33.0 

7.5 

395 


29th 

9..30 a.m. 

4 

7.30 


7.27 

7.20 

7.20 

16.4 

27.8 

32.0 

7.0 

.348 


29th 

10.00 a.m. 

6 

7.47 

7.46 

7.42 

7.41 

7.41 

20.2 

— 

34.0 

6.6 


»• 

99 

10.30 a.m. 

Mean 

7.46 






26.6 


— 

- 

— 

— 

— 


The pH and the COf-gas content of the bhxxl of Ugui. 


EXPERIMENT V. Buri {Scriolci aureovittatd), 

A. Ca.se history. 

The fish employed for this experiment were caught in the vicinity 
of our station in the beginning of August, and since then they were 


















342 


S. KOKUBO 


cultured in the aquarium of the station until used. The nature of this 
6sh is migratory and it is pelagic in habit and enters Aomori Bay 
usually about the middle of June. It constitutes an important part of 
the summer fishing. 

As this fish flounders violently when taken from the water, the 
blood can not be taken directly from the living creature. It was killed 
beforehand, and the puncture was immediately undertaken. The blood 
taking must be finished within 80 seconds and the dilution also must 
be finished within 1 minute, to prevent the coagulation of the blood. 
The pipette used for the blood taking was previously filled with paraffin 
oil. 

B. Results. 

1. Hydrogen ion concentration. The hydrogen ion concentration of 
the blood of the Buri showed pH 7.40 in 6 fold dilution, pH 7.36 in 
11 fold dilution, pH 7.82 in 21 fold, and pH 7.25 in 101 fold dilution. 
We see in the following table that the alkalinity decreases distinctly 
in the dilutions of 6 to 21 fold, while it remains constant in the dilutions 
of 61 to 101 fold. 


Table VI. 



pH 

du 

Dinien.sions oi I 



/100R\ 

Case 

No. 

jDegree of dilution 

g 


fishes 



M. ,1,1^ 


1 


2 1 

I -d 


I 


S o 

JS 







cs 

Q 

r s 

.y E 

X 8 

1 

V 

Hour 


«o 



lo 




V C 


S, \ 


1 

7.60 

7.40 

7.40 

7.28 

7.28 

ir.7 

.36.0 

7.6 

485 

Oct. 

16 

9,00 a. m. 

2 

7.S6 

7..30 

7.27 

7.24 

7.24 

20".0 

.38.6 

8.0 

626 

I, 

16 

».80 a. m. 

8 

7.80 

7.S0 

7.28 

7.20 

7.20 

20".0 

.36.6 

7.8 

506 


16 

9.40 a. m. 

4 

7.43 

7.40 

7.30 

7.28 

7.28 

20*.0 

87.8 

8.2 

610 

If 

16 

10.00 a. m. 

6 

7.43 

7..36 

7 33 

7.26 

7.26 

20*.0 

.36.8 

7.7 

500 

If 

16 

jlO.OO a. m. 

Mean 

7.40 { 

7.36 

7.8* 

7.26 

7.26 

20’.0 

86.6 

7.8 

626 


•— 

1 


The pH uf the hhxMi of Buri in varying dilutions. 


EXPKRtMteNT VI. Umadurahagi {Pseudomonacanthus modestus), 

- A. Case history. 

The present species is one of the commonest fish which is caught 
in our vicinity during June and July. The fish used in this experiment 
were caught in July and cultured in our aquarium until September. 
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Since this fish is very gentle and does not flounder when taken out of 
water» the puncture can easily be finished. The fish, however, is not 
large enough to get over 1 cc. of blood from one individual, so it is 
necessary to employ lower dilutions of 11 to 101 fold instead of 6 to 
101 fold used in the foregoing cases. 

The size of the fish employed for the experiment was 24.2 to 
28.5 cm, in length, 7.5 to 9.0 cm. in breadth, and 140 to 260 gms. in 
weight. The blood not only is lighter red in colour, but is less viscous 
than that of the Carp and the Buri. 

B. Results. 

1. Hydrogen ion concentration. The hydrogen ion concentration of 
the blood was scarcely influenced by dilution. By the dilutions of 11 
to 21 fold it showed a definite value of pH 7.49, which decreased only 
a little by further dilution, for instance, 7.48 at 51 fold dilution and 
pH 7.47 at 101 fold dilution. 


Table VII. 


Case 

No. 

Fold of dilution 

Room 

temp. 

Dimen.sions oi fishes 

Time (1826) 

11 

fold 

21 

fold 

61 

fold 

101 

fold 

il^ength 

(cm.) 

Height 

(cm.) 

Weight 

(gms.) 

Month 

Date 

Hour 

1 

7.fi0 

7.60 

7.60 

7.47 

20 M 

28.0 

9.0 

260 

Oct. 1 

16 

12.20 p.m. 

0 

7.60 

7.48 

7.47 

7.47 

2(r.O 

24.2 

7.6 

167 


16 

12.45 p.m. 

n 

7.42 

7.42 

7.42 

7.42 

20“,0 

28.6 

8.6 

247 


16 

2 .10p.m. 

4 

7.64 

7.66 

7.63 

7.63 

19^.0 

26.3 

7.6 

140 

9 9 

16 

4.30 p.m. 

5 

7.49 

7.60 

7.49 

7.48 

18^.9 

26.6 

7.6 

140 

It 

16 

4.60 p.m. 

Mean 

7.49 

7.49 

7.48 

7,47 

19^.6 

26.8 

8.0 

191 

— 

— i 


The pll of the blood of Umadurahagi in varying dilutions. 


2. CO^-gas content and capacity. Together with the estitnation of 
the CO« the pH value was tested also. For this purpose 1.5 cc. of 
blood was collected from a fish, of which 1 cc. was used for the CO, 
determination and the remaining 0.5 cc. for the estimation of the pH 
value. 

As seen in the Table VIII, the blood of this fish contains 8.1 
to 11.9 vol. % of CO,-gas, showing a mean value of 9.7 vol. 96 . 
The pH value corresponding to these gas contents was 7.47 to 7.62 
and 7.48 on an average. The blood of high pH value does not always 
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Table VIII. 


Cafic 

pH 

COg. 

content 

vol. 

Dimensions of fishes 

Time (1926) 

No. 

(11 fold) 

Length 

(cm.) 

I leight 
(cm.> 

Weight 

(gms.) 

Month 

Date 

Hour 

1 

7.60 

9.9 

28.0 

8.8 

247 

July 

so 

7..80 a. in. 

2 

7.49 

8.1 

80.0 

9.1 

293 

30 

7.60 a. m. 

S 

7.61 

11.9 

24.6 

7.8 

147 


.80 

8.26 a. m. 

4 

7.47 

8.8 

26.0 

7.7 

173 

9 9 

30 

7.00 p.TO. 

6 

7.62 

8.7 

26.0 

7.9 

188 


80 

7.20 p. m. 

6 

7.47 

8.7 

26.2 

7.9 

198 

If 

.80 

7.40 p. m. 

7 

7.62 

8.8 

26.0 

7.6 

IC9 

If 

80 

8.00 p. m. 

8 

7.48 

8.7 

29.0 

9.0 

215 

ft 

30 

8.20 p. m. 

y 

7.61 

9.9 

.80.0 

9.6 

296 

If 

30 

8.40 p. m. 

10 

7.47 

9.9 

28.5 

9.0 

280 

If 

1 ,80 

1 9.00 p. m. 

11 

7.82 

11.4 

29.0 

8.8 

263 

If 

1 .80 

i 9.20 p.m. 

12 

7.60 

9.9 

29.6 

9.1 

240 

ff 

1 SI 

! 7.00 p. m. 

18 

7.62 

9.4 

24.6 

7.1 

168 

*9 

1 .81 

7.80 p. m. 

14 

7.49 

8.8 

25.9 

7.8 

191 


i 

' 7.60 p. m. 

15 

7.61 

10.9 

24.4 

7.0 

166 


1 

8.16 p. m. 

16 

7.60 

9.8 

28.8 

8.8 

200 


,81 

8.36 p. m. 

Average 

7.48 

9.7 

27.1 

8.3 

211 

1 - 

i - 

' — 


The pH and the COg-gas cniilent of the Motxl of Umadurahagi. 


contain much CCVgas (see, for instance, case No. 16) and such a 
relation between a high pH value and a high COjj-gas content may 
be regarded as the tension of the free carbon dioxide. 


EXPERTMKNT VU. Suzuki {Lateolabra.x ja/^ofticus), 

A. Case history. 

The present sjxicies is caught from June to October all along the 
coast of Aomori Bay. The individuals used for this experiment were 
kept about a month in our aquarium and were from 32.0 to 68.5 cm. 
in length. The blood collection went on quickly, beginning within 20 
seconds after the fi.sh was hit on its head with a club, and was finished 
within 1 minute, as this fish is very floundering. The size of the fi.sh 
used was 32.0 to 68.5 cm. in length, and the individuals over 50.0 cm. 
gave so much blood that 2cc. could be collected twice or thrice in 
succession. In the present case, the pH value was estimated twice or 
thrice on one and the same individual at an interval of 30 minutes 
the variation of the pH alter the death of the animal was thus made 
out. 
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B. Results. 

]. Hydrogen ion concentration. From an inspection of the following 
tabic it is obvious that the blood does not alter, in this case, its 
hydrogen ion concentration by promoting the dilution from 6 to 51 
fold, keeping the pH value of 7.35. By the dilution of 101, however, 
its hydrogen ion concentration decidedly decreases to a pH value of 
7.38. After the death of the animal the hydrogen ion decreases; for 
instance, the pll value indicates 7.21 in the case of 6 to 61 fold 
dilutions and 7.24 in the dilution of 101 fold (Table IX). The increase 
of the alkalinity following the dilution of 101 fold, though faint, is 
distinctly recognizable, even 30 minutes after death. 

Table IX. 




pil after SO minutes 


a 


Degree of dilution 


7.26 

7.36 

7.40 

7.40 

7.36 

7.3f) 


7.26 

7.86 

|7.40 

7.39 

7.36 

>..35 


■a 

.-4 

91 

7.26 
7..36 
7.40 
7.38 
7.86 

7.36 


^2 

o 

|7.2: 


Degree of dilution 

t3 


7.26 
7.36 
7.40 
7..87 

7.367.40j7.10| 

7.36|7.,38|7.21 


6.80 
j7.88|7,06 
7.46 7.10 
7.88,7.00 


6.80 

7.07 


6.806.80.6.80 
17.06 7.06 7.06 
7.107.10:7.107.16 

7.00i7.00;7.0017.06 

7.107.10,7.1017.13 

I 7 . 2 ij 7 . 2 ij 7 . 2 ij 7 .24 


B 

I 

16'. 3 
17) .4 
14 .663.6 
16 ..T32.0 

16’.0|62.0 

16M 


Dimensions 
of fishes 


r 

:68.6l 

34.0 


'I’ime (1925) 



^1 























j 111 

QR 











The pH of the BUmkI of Suzuki in vaiying dilutions. 


Since 101 fold dilution increased the alkalinity, 500 fold dilution 
was also tc.sted to examine whether or not a further dilution increases 
the alkalinity. The result was that this dilution showed a little lower 
alkalinity as compared with the result obtained in the case of the 6 
to 51 fold dilutions, indicating a pH value of 7.38. 

EXPERIMENT VIIL Tai {Pagrosonius major). 

A. Case history. 

This fish was kept living about two months in the aquarium after 
its captivity in July in the vicinity of our laboratory and was 23.3 to 
44.5 cm. in length. The blood colour was dark, like that of the Carp 
and the Suzuki. 
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B. Results. 

1. Hydrogen ion concentration. The hydrogen ion concentration of 
the blood of Tai showed an almost constant value of pH 7.36 when 
it was diluted 6 to 51 fold. In this respect this fish resembles the 
Suzuki already mentioned. The difference from that of Suzuki, however, 
consists in the pH value of blood which shows a slight decrease of 
alkalinity when diluted to 101 fold. 

In the case of 600 fold dilution the alkalinity was pH 7.29 in the 
individual No. 3 of the following table. 


Table X. 



-pn- 





Dimensiops of fishes 



Room 

Water 

pH 

At- 

No. 

6 

11 

21 

61 


temp. 

(e>) 

temp 

(C“) 

l»f 

Water 

mas. 

press. 

length 

I leicht 

Weight 


fold 

fold 

fold 

fold 

fold 

(cm.) 

(cm.) 

rgms.) 

1 

7.88 

7.89 

7.88 

7.88 

7.86 

i.r.6 

17.6 

8.10 

761 

25.8 

8.6 


2 


7.40 

7.40 

7.89 

7.34 

U\H 

17.6 

8.10 


.17.0 

12.2 

845 



7.82 

7.8.8 

7.88 

7.80 

ir.6 

17.6 

8.10 


26.2 

8.8 


4 

7.26 

7.26 

7.26 


7.24 

ir’.s 

17.6 

8.10 

766 

28.3 

7.6 

185 

5 


7.40 

7.40 




17.6 

8.10 i 

766 

44.6 

14.2 

18S6 

Mean 


7..T8 

7.86 




17.6 

6.10 

764 

— 


' — 


The pH of the blood of Tai in varying dilutions. 


EXPERIMENT IX. Sironaiiiako (Caudina chilensis). 

A. Ca.se history. 

Catidhm is a kind of llolothuria found all the year around in the 
shore of Aomori Bay about 20 cm. deep in the sand. The body is 
spindle shaped, having a long tail like appendage on one end, which 
enables the animal to respire. The animal gave 6 to 16 cc. of dark 
red blood which was not so viscous as that of higher animals, showing 
a density of 1.0276 and containing numerous red fusiform corpuscles 
provided with two spines on both terminals. When the fresh blood 
was left standing 2 or 3 hours in a vessel, the corpuscles depasited on. 
the bottom, being separated from the plasma weich did not clot^ 
apparently containing no fibrin at all. The plasma varies more or less 
in colour according to individuals; it was however, light yellow in 
most cases, while in some cases it was almost colourless and in another 
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case deep yellow. The specimen 1 employed were 11.5 to 19.5 cm. 
in length* 2.7 to 3.6 cm. in diameter* and 40 to 90 gms. in weight. 

B. Results. 

1. Hydrogen ion comentration. The plasma of Caudina showed a 
pH value of 7.79 in the undiluted state. It was, however, of pH 7.6.3 


Table XL 


“’■p»-- 

Degree of dilution 


Case 

No. 


1 

2 

8 

4 

5 

6 

7 

8 
9 

10 

n 

12 

IS 

14 

15 

16 

17 

18 

19 

20 
21 


24 

25 

26 

27 

28 
20 
80 
SI 
82 
.SS 
34 
86 
S6 
87 

Mean I 


7.80|7.26 

7.7017.6?^ 

17.6617.66 

7.7o!7.70 




v2 


20 

7.60 

7.60 
7.64 
7.74 
7.67 

7.61 


7.16 

7.46 


7.6017.40i2l.820.7 


.66 

.70 

7|7.64 

17.66 


7.627.64 

7.687.64 
7.467.40 




Dimenaions 
of animals 


6 

Si 


fi 


10!20.7i20.0| 
40,21.620.51 


I7.66';21.o!19.6 


17.70 

7.60 

7.66 

7.64 

7.60 

7.89 

7.49 


121.8,19.6 
|21.S|19.6 
21.819.5 
VI.8119.5 

15.516.8 
13.6;16.S 
18.6jl6.8 

15.616.8 


7.7.87.74 
7.727.721 

7.617.61 

7.627.62 

7.707.70 

7.46 7.46 

7.667.527.6.^7.68 
7.817.327.867.407.41 

7.74 7.747.72 7.707.6818.616.81 

7.70 7.68 7.66 7.64 7.66 

7.697.697.687.607.46 

7.707.707.687.617.60 

7.667.667.627.60 
7.807.79'7.727.66 

7.86 
8.00 
7.86 
7.90 
8.00 
17.85 
8.00 
|7.86 
7.86 
8.00 
7.90 
7.80 
7.80 

7.70 121.7,20.3 

7.80 — — — — — 21,720.6 

7.90 — — — - — 21.820.6 

7.80 — — — — — 21.820,6 

7.70 — — — — — 21,820,6 

7.70 — — — — — 21.0|i9.7 

7.797.687.627.697,687,60 


768,8.1018.0| 

7608.1014. 

763 8.10 17. 

76018.1214. 

760:8.12116. 

7608.12116. 

760i8.12il6.2 


8.14116.0 
|8.14|16.0 


16.016.6 

14.716.6 

14.816.6 
|7.60|14.816.6 
17.65,16.216.6! 

19.0 6.61' 
19.0 5.6 
19.0 6.5[ 
19.0| 6.6 
16.0 6.9 
16.0 6.9 
16,0 7.0 
16.0 7.0 
16.01 


16.0 

16.0 


21.1 


7.2l 

7.2 

7.8 


16.0 7.4 


766 
766| 

7661 
766 
7668.14jlG.2j 
76418.1216.1 
764:8.1216 
764 8.1214 

7648.1214 

7688.1215 
7688.17,14 
76.88.lTil4.9| 
7688.17,14 
76,88.17,16 


769 

769 

769 


7691 


s.njis.oi 


120.3 76Si8.07;lf>.8 


76r 


!8.07i 


7608.07 


760 


768 


112.1 


|8.07i 


7688.07 

763i8.07 


8.07 


16.0 

17.0 

13.8 


Time (1925) 


«> 

S o 

xt 

1 

Q 

'U 

"S 

Date 

3.1 

40 

X 

7 

3.0 

53 

X 

7 

3.0 

70 

X 

7 

2.9 

60 

X 

11 

3.2 

76 

X 

11 

3.6 

66 

X 

11 

3.0 

59 

X 

11 

2.9 

60 

X 

11 

2.8 

68 

X 

26 

.3.0 

90 

X 

26 

3.8 

88 

X 

26 

3.2 

78 

X 

26 

3.3 

83 

X 

26 

2.9 

80 

X 

27 

3.1 

76 

X 

27 

3.0 

70 

X 

27 

2.7 

61 

X 

27 

3.1 

68 

X 

27 

' 8.0 

69 

III 

12 

' 2.9 

63 

III 

12 

1 8.0 

66 

III 

12 

1 3.0 

71 

III 

12 

. 3.6 

83 

111 

15 

» 3.8 

96 

III 

16 

1 3.2 

88 

III 

15 

3.3 

66 

III 

15 

> 3.4 

63 

III 

16 

> 2.8 

66 

III 

16 

> 3.1 

46 

HI 

16 

► 3.2 

60 

III 

16 

1 3.6 

70 

VII 

28 

.3.2 

64 

VII 

28 

1 8,6 

89 

VII 

28 

1 8.2 

63 

VII 

28 

1 8.4 

90 

VII 

28 

1 3.7 

81 

VII 

28 

( 8.2 

60 

VII 

28 






Hour 


N(iun. 
4.S0p. m. 
5.60 p. m. 

3.30 p.m. 

3.45 p.m. 
4.00 p.m. 
4.16 p.m. 
4.80 p. m. 

8.00 p.m, 

8.15 p. m. 

8.30 p.m. 

8.46 p.m. 
9.00 p.m. 

I0.30p.ro. 
11.00 p. m. 
11.20 p.m. 
11.40 p. m. 
1.12 p.m. 
8..30 p.m. 
3.50 p'm. 
4.l0p. m. 

4.30 p.m. 
3,00 p.m. 
3.20 p.m. 
3.40 p. m. 
3,66 p. m. 
4.10 p.m. 
4.26 p.m. 

4.46 p.m. 
6.00 p. m. 
1.00 p.m. 
8.00 p.m. 

3.46 p.m. 
4.00 p. m. 
4.80 p.m. 
8,00 p. m. 


The pH of the blood of Sironamako in varying dilations. 
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in 6 fold dilution, of 7.62 in 11 fold dilution, of 7.59 in 21 fold dilution, 
of 7.63 in 51 fold dilution, and of 7.60 in 101 fold dilution. Thus 
its alkalinity decreases with increasing dilution. The most sudden 
decrease occurs, however, within the 5 fold dilution, while further 
dilutions decrease the pH value very slowly. 

Not only this but also the alkalinity of the plasma decreases in 
the course of the time left standing. The pH value 20 hours after 
collection was obviously decreased, as compared with that after 3 
hours, as seen in the cases from No. 1 to No. 5 of the Table XII. 
Especially the 6 fold dilution in No. 1 showed a pH 7.70 at the third 


Table XII. 



Dcgrct* of dilution 


after 3 hours 
M 17 

r>8 „ 


7.3I7.3*J7..S67.407.41 

7.207.2)7.247.267.24 

7.107.207.207.307.40 


after .3 hours 
» 17 .. 

.. 38 


17.747.747.727.707.08 

7.707.707.697.067.00 

7.007.007.607.007.60 


after 3 hours 

M 17 „ 

„ 38 „ 


7.667.667.667.687.61 
7.487.487.487.487.40 
7.367.4' 7.417.447.49 


after 3 hours 
.. 24 .. 


17.707.687,007.047.06 

7.377.397.407.407.42 


after 3 hours 
M 24 .. 

after 3 hours 

.. 24 .. 


7.097.697.087.607.46 

7.607.627.687.537.62 


7.707.707.687.017.00 

7.687.697.697.687,69 


after 3 Incurs 


7.167.067.027.607.50 

7.607.647.607.607.66 


after 3 hours 
24 H 


7.807.797.727.667.56 

7.637.667.067.047,54 


aftev 8 hours 
.. 24 .. 


7.717.737.007.507.66 

7.617.637.667.547.64 


Table showing the variation of pll due to the lapse of time. 
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hour, while it showed 7.10 at the twentieth hour. The same relation 
reappeared in the cases from No. 6 to No. 10 and the cases from 
No. 11 to No, l/>. It is, therefore, evident that at the third hour the 
more the dilution advances, the lesser the alkalinity, while at the 
twentieth hour the alkalinity rises with increasing dilution. 

1. content and capacity. The blood can easily be taken 

from this animal by inserting the syringe needle into the body cavity. 
When the skin of the animal is cut open under paraffin oil in a vessel, 
a quantity of bkxid was easy to collect in the bottom of the vessel 
without touching the air. An individual usually gave from fi to 15 cc. 
of blood, but from a large individual whose bcxly weighs about 50 gms., 
20 cc. of blood could be collected. It is, therefore, not difficult to 
estimate the pH value, the CO.^-gas content and the capiicity with the 

Table XllL 



•si 

COj-tjas 

1 - 

1 & 

Uimensuins of* 
animals 


'l ime (J926) 

Case 

No. 


Content 

vol. 

Capacity 

vol. 

L’osatura 

portim 

rt W 

a e 

Jl 

H 

i 

Diameter, 

(cm.) 

Weight 

(gras.) 

! J 

Date 

I lour 

1 

8.00 

10.2 

n.o 

0.8 

7.3 

19.5 

3.6 

83 

III 

15 

3.00 p. ni. 

2 

7.85 

10.7 

11.2 

0.5 

4.6 

16.8 

.3.3 

95 

III 

15 

3.20 p. m. 

S 

8.00 

7.4 

11.3 

3.9 

.34.6 

18.0 

3.2 

88 

III 

16 

3.40 p. in 

4 

7.85 

9.9 

12.0 

2.1 

17.6 

15.5 

3..3 

65 

TII 

15 

3.65 p. m. 

h 

7.85 

10.1 

10.2 

0.1 

1.0 

12.5 

.3.4 

r>.3 

HI 

15 

4.10 p. m. 

6 

8.00 

8.0 

10.3 

2.8 

22.3 

14.0 

2.8 

55 

HI 

16 

4.26 p m. 

7 

7.90 

7.4 

10..3 

2.9 

28.2 

15.5 

3.1 

45 

III 

15 

4,46 p. m. 

8 

7.80 

7.4 

10.2 

2.8 

27.6 

12.0 

.3.2 

50 

IH 

15 

5.00 p. m. 

U 

7.80 

9.1 

11.7 

2.6 

22.2 

14.7 

8.0 

68 

III 

29 

2.00 p. m. 

10 

7.76 

8.5 

12.4 

3.9 

31.4 

12.5 

.3.1 

53 

III 

29 

3.00 p. m. 

u 

7.78 

8.1 

12.1 

4.0 

,33.1 

19..3 

3.5 

80 

III 

29 

4.00 p m. 

12 

7.85 

8.0 

12.0 

4.0 

,33.3 

13.6 

,3.2 

45 

HI 

29 

5.00 p. m. 

13 

[ 7.90 

8.0 

12.4 

4.4 

35.6 

18.1 

3.1 

75 

in 

29 

6.09 p. m. 

14 

1 7.70 

7.5 

11.4 

3.9 

34.2 

19..3 

,3.6 

90 

IV 

16 

3.00 p. m. 

15 

7,70 

6.6 

9.4 

2.8 

,30.0 

19.3 

;i.6 

98 

IV 

16 

3.40 p. m. 

Id 

7.88 

7.4 

11.9 

4.5 

.37.7 

i 18.9 

3.4 

91 

i IV 

16 

4,15 p. ni. 

17 

7.80 

7.5 

11.0 

3.5 

.31.8 

16.9 

3.2 

90 

IV 

16 

5.00 p. m. 

18 

7.80 

6.7 

11.0 

4.3 

39.1 

17.8 

3.,3 

89 

IV 

16 

5.40 p. m. 

19 

1 7.80 

10.8 

10.9 

0.1 

0.9 

13.5 

3.5 

70 

VH 

28 

1.00 p. m. 

20 

7.70 

8.5 

10.5 

2.0 

19.0 

12.1 

3.2 

64 

VTI 

28 

2.00 p. m. 

21 

7.80 

8.5 

10.9 

2.4 

18.3 

16.8 

8.6 

89 

VII 

28 

3.00 p. m. 

22 

7.90 

9.8 

11.6 

! 1.8 

15.5 

13.0 

,3.2 

6.3 

VII 

' 28 

3.45 p. m. 

23 

7.80 

8.6 

11.3 

2.7 

28.9 

16,0 

3.4 

90 

VH 

28 

4.00 p.m. 

24 

7.70 

9.3 

11.;) 

2.0 1 

17.6 

17.0 

7.8 

81 

VII 

28 

4..30 p. m. 

25 1 

7.75 

8.9 

n.o 

2.1 ! 

19.1 

13.3 

3.2 

60 

VII 

28 

8.00 p. m. 

Mean 

7.82 

8.6 

11.2 

2:7 

23.4L 

15.8 

3.4 

73 

— 

■— 

— 


The pi I C( > 2 -co!itent and capacity of the blood of Sironamako. 
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blood from one and the same individual. The experiment was carried 
out with the whole blood, as well as with the plasma alone, and the 
results from both the cases were compared. 

The COj-gas content of the blood of Caudina ranged from 6.6 to 
10.8 vol. 96 with an average value of 8.6 vol. 96. The COj-gas 
capacity attained 9.4 to 12.4 vol. 96 with an average value of 11.296. 
The difference of the mean value of the COj-gas content and the 
capacity showed 2.796. The unsaturated portion, i.e., the difference 
of the capacity and the content in each determination, showed a 
minimum of 0.1 cc. and a maximum of 4.8 cc. The proportion of the 
imsaturated portion to the C02-gas capacity, i.e., unsaturated percentage, 
indicates 0.9 to 39.196 with an average of 23.496. 

As can be seen in the following table, the CO^-gas content of 
whole blood showed 8.34 vol. 96. while the plasma was 8.56 vol. 96 
as a mean of 10 determinations, surpassing the former as much as 
0.21 vol. 96. The result of the analysis showed that the whole blood 
is less variable than the plasma, the probable error of the latter (0.43) 
being much larger than that of the former. 


Tablp: XIV. 


Case 

COg-Ras content 

Dimensions of animals 

j Time (1926) 

No. j 

Whole 

blood 

Plasma 

length 

(cm.) 

Diameter 

(cm.) 

Weight 

(gms.) 

j Month 

Date 

Hour 

1 

2 

H 

4 

5 

6 

7 

8 

9 

10 

Mean 

8.1 

8.2 

8.1 

8.2 

8.2 

1 8.2 

8.9 

8.4 

8.8 

8.8 

8.34 

7.8 

8.H 

8.1 

8.6 

9.0 

9.8 

8.9 

7.6 

8.7 

8.8 
8.66 

16.1 

16.0 

16,0 

17.8 

14.0 

16.6 

16.0 

17.0 

18.2 

17.0 

.8.6 

8.4 

3.6 

8.6 
2.9 i 

s.e 

8.0 

2.2 

2.6 

3.0 

61 ' 
60 

57 

79 

43 

47 

47 

44 

82 

60 

VIII 

VIII 

VIII 

vm 
virr ! 
vin 
vin 
vni 

VIII 

via 

21 

21 

21 

21 

22 

22 

22 

22 

22 

22 

8.46 p. m. 
4.10 p. m. 
4.80 p. m. 
4.60 p. m. 
6.28 p. tn. 
2.06 p. m. 
2.86 p. m. 
8.00 p. m. 
8.20 p. m. 

3.46 p. m. 


A Comparison of the CO^-content of the whole blood and that of the plasma. 


According to the present determination the blood of Caudiaa showed 
pH 7.82, CO,-gas content 8.60 vol. 96, and CO,-gas capacity 11.20 
vol. 9^ as the normal state. As to the relation between the pH value 
and the CO,-gas content It is different from that in the higher animals 
in which the pH increases or decreases regulary with, the relative. 
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amount of free- carbon dioxide and bicarbonate in the blood, while in 
Caudina the CO,-gas content varies in a narrow range above or under 
the average value 8.6 vol. 9 ^. The pH varies in a wide range of 
pH 7.70-8.60. This may probably be due to the varying tension of 
the free carbon dioxide in the blood. 

As the variation of the pH signifies the result of uncompensated 
acidosis or alkalosis in higher animals, the CO,-gas content must vary 
according to the variation of the pH value, provided the tension of 
the free carbon dioxide remains constant. In Caudina the CO,-gas 
content shows no regular variation which corresponds to the change 
of tlie pH value, certifying the fact that there are such varying 
quantities of free CO, as to often disturb the acid base equilibrium of 
the blood, thus changing the pH value. 

EXPERIMENT X. Akagai {Area inflata). 

A. Case history. 

Area is a large edible bivalve found in abundance in Aomori hay 
throughout the year. The red coloured blood of this mollusca affords 
nice material for the student of haemology, especially in our station on 
account of the ease of its collection. The individuals I employed were 
collected during August and were 12.3 to 14.7 cm. in length and 36.7 
to 68.6 gms, in weight. In those over 300 gms. it was by no means 
difficult to collect as much as 10 cc. of blood from a single individual 
by heart puncture. Over 70 cc. of blood was obtained from an 
individual by rupturing the heart. The sixicific gravity of the blood 
was 1.0297, and, as the blood does not clot the corpuscles could easily 
be separated from the plasma, when the blood is left to stand. The 
plasma is pale yellow in colour. 

B. Results. 

1. Hydrogen ion coftcentration. The alkalinity of the blood in 
Area was extraordinarily high in comparison with that of the other 
animals and had a remarkable buffer action. Although the alkalinity 
of the blood showed pH 7.75 (salt and protein error disregarded) in 
the undiluted state, it grew more and more alkaline by dilution, for 
instance, the alkalinity rose to pH 7.84 in 6 fold dilution and to 7.88 
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in 10 fold dilution. From the curves (Fig. 5) it is obvious that the 
rise of alkalinity reached the maximum at about the 11 fold dilution. 
By further dilution the alkalinity decreased, e. g. pH 7.78 in 61 fold 
dilution and pH 7.68 in 101 fold dilution. 


Table XV. 



'I’ho [)II, CC) 2 - content ami -ca|jacity of the scrum of ylrca. 


2. content and capacity. According to the fifteen deter¬ 

minations referred to in the above table, the COj-gas content showed 
6.3 to 7.9 vol. o/q with an average value of (5.3 vol. 9 ^, and the 
COg-gas ca| 3 acity wa.s 9.2 to 16.4 vol. 9 ^ with an average value of 
12.4 vol. 9 ^, indicating the difference of 6.1 vol. <^/o when compared 
with the COa-gas content. The unsaturated portion of each determina¬ 
tion was 3.6 vol. ^/o as the minimum, 9.3 vol. 96 as the maximum, 
and 6.2 vol. 96 as an average. The un.saturated percentage was 

39.1 vol. 9 ^ as the minimum, 60.4 vol. 9 ^ as the maximum, and 

49.1 vol. 9 ^ as an average. 


III. DISCUSSION. 


The animals employed for the present investigation consisted of 
1 mammal, 6 teleosts, 1 selachia, 1 mollti.sca, and 1 holothu'rU. The 
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mammal, the guinea pig, was observed in order to compare it with 
the cold blooded animals used. Among fishes, Mustelus came first 
and showed the maximum alkalinity of pH 7.72 in 16 to 21 fold 
dilution and the minimum value of pH 7.63 in 101 fold of dilution. 
Cyprinus, a fresh-water inhabitant, represents the second in order, its 
blood showing pH 7.63 in 6 fold dilution. Pseudomonacanttms was the 
third for its blood indicates the pH value 7.49 in 11 to 21 fold dilutions, 
and 7.47 in 101 fold dilution. The fourth was Leucisens, which showed 
the pH value of 7.45 to 7.35 in dilutions of 6 to 101 fold. The fourth 
is Seriola in which the blood showed pH 7.40 in 6 fold dilution and 
7.25 in 101 fold dilution. Lateolahrax and Pagrosoutus interest us, 
inasmuch as both the forms showed the same pH value of 7.53 in 6 
to 61 fold dilutions, while the former indicated pH 7.38 and the latter 
7.33 in 101 fold dilution. Lastly, showed die lowest pH value 

of 7.27 to 7.29 in dilutions of 6 to 101 fold. 


Taule XVI. 






pi I 



No. 

S|KJcies. 

____ 

OCRI 

rce of dilution 




6 fold 

1 11 fold 

21 fold 

51 foUl 

jlOI fold 

1 

MmUlt4K mnnazo 

7.65 

7.72 

7.72 

7.69 

7.63 

2 

Cyprinus c<itpio 

7.63 

7.60 

7.54 

7.47 

7.41 

a 

Snlmo iriJim 

7.28 

7.29 1 

7.28 

7.27 

7.27 

4 

l.€iu:isnts hakuensis 

7.46 

7.44 i 

7.42 

7. .39 

7.35 

5 

Seriola aureox'iUata 

7.40 

7.36 

7.32 

7..12 

7.26 

6 

Fieudomooaeanthus modeUns 

— 

7,49 

7.49 

7,48 

7.47 

7 

/ aleotadrax j.ipotdcu^ 

7.:i5 

7.;{6 

7.35 

7.36 

7..38 

8 

1 Paprosotuus mnjor 

7.35 

7.35 

7.36 

7.36 

7.83 

9 

[ Coudhia thiUnds 

7.63 

7.62 

7.59 

7.63 

7.60 

10 

ytna inflatu 

7.84 

7.88 

7.87 

7.78 

7.68 

11 j 

Guinea pig 

7..31 

i 7.50 

7.64 

7.68 

7.60 


A comparison of the pH value in each s|H:cies for the same dilution. 


Hearing in mind the change of the pH value caused by dilution, 
we will note the fact that the alkalinity increa.ses in low dilutions in 
Mustertis and Cyprinus, though it decreases, on the contrary, in 15 fold 
or higher dilutions (Fig. 3). If one comjjares this connection with that 
of higher animals, for instance, the guinea pig, in which the alkalinity 
continually rises with increa.sing dilution, a remarkable di.stinction can 
be recc^nised. In the sea-fish the changes of alkalinity caused by 
dilution seems to be not so significant as in the animals referred to 
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above. For instance, the alkalinity of the blood of Pmiiamonacanthus 
showed just a faint decrease by the dilutions from 11 to 101 fold; in 
iMteolabrax and Pagrosomus it was just the same alkalinity at 6 to 
61 fold dilutions, showing no change of the pH value at all, only in 
the cases over 61 fold dilution the Lateolahrax increases its blood 
alkalinity a little, while the Pagrosomus decreases it slightly. Among 
the sea-fishes, Seriola was the only example which showed a faint 
decrease of alkalinity at the beginning, while it showed no change at 
60 to 10] fold dilutions. 


Img. 3. 



Ordinate — pH vttlue. 

Abscffisa—Degree of dilation (fold). 
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G>mparing the mean pH value of •'6 to 21 fold drlutions arrived at 
in different species of fishes, with horse plasma as determined by 
Cullen (1922) with the same method, which gives the value pH 7.66 
( 20 )® at 20 fold dilution, we find that Cyprinns comes nearest to the 
horse, and other sea-fishes in general give a much lower value, with 
the exception of Mmteliis, which gives much higher values. According 
to Hawkins (1923), who used the same method, the arterial and the 
venous blood of the rabbit showed pH 7.38 and pH 7.32 respectively, 
and the human venous blood indicated also the alkalinity of pH 7.32 
in normal cases. All these values just cited approach the pH value 
of the sea-fishes, in particular that of iMtcolabrax Pagrosomus and 
Seriola. Among the fishes Seriola in fil-lOl fold and Pagrosomus in 
101 fold dilution give lower alkalinity than that of the human venous 
blood (pH 7.31 by Hasselbalch and 7. i5 by Michaelis). With the 
exception of these three kinds of fishes just cited, all the animals 
observed showed a much higher alkalinity than in the case of human 
blood, especially the case of Selachia {Mustelus) in which the blood 
alkalinity was extraordinarily higher than in the case of Mammalia. 

Investigation concerning the blood gas of fish has hitherto been 
very limited. As far as I am aware, Jolyet and Regnard (1887) 
were the first who estimated the COj-gas in the blood obtained from 
the gill artery of the eel, and determined the quantity to be 33 vol. 
96 . Baumert (1862) analyzed, on the other hand, the intestinal gas 
of Cobitis fossi/ts, which was believed to be equilibrated with the blood 
of the intestinal walls, and determined the COj-gas quantity to be 
0.06-2.64 vol. 96 , suggesting that the CCVgas content of the blood 
must be the same as this. Collip (1920) determined the carbon dioxide 
content (using the blood equilibrated with the atmospheric air) and 
the capacity of the blood and coelomic fluid of marine fishes and 
invertebrates (using the blood equilibrated with the alveolar air). He 
stated that the carbon dioxide content of these fluids is in all cases 
very low as compared with the blood of mammals, nevertheless it is 
always higher than that of the sea water. As can be seen in my 
present investigation, the hydrogen ion concentration of the blood of 
marine forms is in most instances higher than that of the sea water, 
which was detennined by other investigators, and, inspite of such a 
r#*lation, the bicarbonate content of the former is much higher than 
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that of the latter. Collip also became aware of this relation in his 
investigation and interpreted the lower hydrogen ion concentration by 
low bicarbonate and high hydrc^en ion concentration by high bicar¬ 
bonate content. This phenomenon just studied is due to the tension 
of the free carbon dioxide, which regulates the acid-base balance of 
the blood. Furthermore, he stated the possibility of the gill membrane's 
producing a steep pressure gradient of free carbon dioxide between 
the sea water and the blood. Powers (1922) studied the relation 
between the oxygen absorbing power of fish blood and the hydre^en 
ion concentration of the environmental water, and suggested the possible 
significance of blood alkali, stating that the fish whose blood is best 
adapted to absorb oxygen at its low tension at the particular carbon 
dioxide pressure would survive longest, and this ability would perhaps 
depend upon the alkali reserve of the blood of the fish. P'urther more, 
he suggested that the variation in the ability to absorb oxygen at a 
low tension at a given pH of a species is dependant upon the alkali 
reserve of the blood of the individual fish. On the other hand, 
Packard (1906) showed that Fundulus heteroclitus injected with 6/161VI. 
sodium carbonate are able to live longer in a tightly stopped flask of 
sea-water than others not so treated. If this statement is granted, the 
fish which has the largest alkali reserve should have the largest ability 
to absorb c^xygen at low tension. PVom this stand point of view the 
COg-gas content of blood of a given species of fishes must be of such 
importance as to be worthy of notice. According to Collips, the 
carbon dioxide content of the blood of the marine teleost is approxima¬ 
tely 10 volume percent, while the same of the elasmobranchs is 
relatively very low (3.Y to 9.3 vols. 96 ). The COj-gas content of fish 
blood, however, is doubtless the subject of much variation according 
to the species. For instance, the COg-gas content of the blood of 
CobitiSi fjpwnd by Baumert, diflFcrs by far from that of the eel found by 
JoLYE'f alid Regnard. In the present investigation also a considerable 
difle^ce due to the difference in species is found. 


1 ) Carp [Cyprinus) 

4o.2 vol. 9 ^ 

2) Rainbow trout [Salma) 

24.6 „ 

3) Ugui [^euciscus) 

18.3 

4) Umadurahagi (Pseudomanacanthus) 

9.7 .. 

6 ) Hosizame {Muslelus) 

9.1 
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6 ) Sironamako {Caudina) 8.6 vol 

7) Akagai (Area) 6.3 „ 

In CyprinuSt for instance, the bkxxl has a very high content of 
46.2 vol. 96 , i. e., just the same as that of the human arterial blood, 
while the Pseiidonionacanthus, a sea fish, has a very low content of 
9.7 vol. 9 ^, i. e., one-fifth of that of the human blood. In Mustelus 
the CO,-gas content is still smaller, showing 9.1 vol. 96 . Beyond the 
limits of fishes, Caudiua had a lesser value of 8.5 vol. 0 / 0 , and Area 
showed a smaller value of 6.3 vol. 9 ^, which is not far from the 
CO^-gas content of the sea-water tested by the same method. 

In regard to Caudimi and Arca^ we found that the latter shows 
the highest pH value among all others thus far examined, including 

the Guinea pig and the fishes, and, similarly, that Catfdina ranks high 

among all these mentioned above. Indeed Area blood shows pH 7.88 
in 11 fold dilution and pH 7.68 even in 101 fold dilution, and that of 
Catidina indicated a maximum pH value of 7.79 in the undiluted state, 
pH 7.63 in 6 fold dilution, and pH 7.60 in 101 fold dilution. Similar 
to the fish blood. Area shows also an increase of alkalinity in low 
dilutions and a decrease in increasing dilutions. Caudina blood shows 
a higher blood alkalinity than Area in regard to the undiluted plasma, 
this decreases rapidly by dilution showing a far lower alkalinity than 
Area even in dilutions of over 6 fold. 

In other details the reader is referred to tlie various tables given 
in the text. It seems premature to compare directly the vertebrate 
blood with the invertebrate without further data concerning morpho¬ 
logical and physiological studies on the rest of the body. I therefore 
wish to reserve comparison between these two forms, invertebrata and 
vertebrata, for a future occassion. 


IV. .SUMMARY. 

1. As for as my study goes, the blood of the aquatic animals 
employed in this experiment decreases in pH value by dilution. This 
is quite contrary to the case of Mammalia, in which the pH value 
increases continually by increasing the dilution, as ascertained by 
Cullen (1922) and the present autlior as well. In Area, Mustelus^ 
and CyprinaSy however, an increase of the pH value due to dilution 
IS noticeable at low dilutions only. 
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2. Among the animals employed in the present investigatbn Area 
has the highest and Seriola has the lowest blood alkalinity. The order 
of these animals according to the pH value is as follows: Arca^ 
Mustelus, Caiidinat Cyprinns^ Pseiidommacanthus, Lateolabrax, Pagro- 
somust Seriola. 

3. The increase of the pH value due to low dilution is most 
remarkable in Area; Mustelus follows this and it is very faint in 
Cypriniis. 

4. The blood of Caudina rapidly decreases its alkalinity by dilution 
and the rate of decrease is most prominent at dilutions of 0~6 fold, 

6. According to the present investigation, the pH value of the 
blood of Teleost is very low when conijiared with that of Mustelus^ and 
the increase of alkalinity by dilution in Selachia is more remarkable 
than in Teleost. 

6. The pi I value of the blood of the lower aquatic animals seems 
to be much higher than that of the higher animals, and probably this 
may have some phylc^enctic meaning. 

7. The CO,-gas content of the blood of the fish much differs not 
only according to the species but also according to the physiological 
condition of the fish. 

8. In Area the COj-gas content is much less than that of fish 
and is nearly ecpial to that of sea-water examined by the same method. 
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'On Two New Species of Mantispidae from Japan. 

Uv 

Masayasu Yazaki. 

(Willi one plate) 

I have stayed for the past ten years at Kagoshima, Kagoshima 
Prefecture. During that period I had chances from time to time to 
collect neuropterous insects of the family Mantispidae. In the collection 
thus far obtained there exist seven species which belong to the genus 
Climaciella. Five are referable to s|Decies hitherto known, while the 
remaining two seem to be new to science. 

The following is the list of the species. 


1. Climaciella subfusca Nakaiiaua. 


2. 

>» 

halmtsnella Okamoto. 

3. 

If 

4 -tubercutata (Westwood). 

4 . 

»» 

miyitkei Okamotc^. 

5. 

ft 

uKxgna (Miyake). 

6. 

fi 

saisiwiensisf n. .sp. 

7. 

ft 

tancgashiiuensis, n. sjj. 


, In the present paper I projxjse to give the descriptions of the new 
species and to append tables which show several characteristic features 
of all the Japanese species of the genus. 

Before entering the subject, I wish to express my best thanks to 
Prof. Hozawa for his kind review of the manuscript. 

Climaciella satsumensis, n. sp. 

Male. — Head, black, with frons orange yellow; maxillary and 
labial palpi, ochraceous yellow; eyes, black; antenna, ochraceous with 
23 segments, basal segment enlarged, twice as long as broad, the 
terminal segment spindle-shaped. 

Prothorax, dark brown with numerous fine transverse furrows, the 
anterior dilated portion orange yellow, with anterior margin dark 
' fulvous. 
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Meso- and metathorax, black, with yellow sciitella. 

Wings, hyaline with fuscous veins, costal areas with brown band,, 
inacrotrichia and microtrichia, dark brown and fairly densely disposed. 
Fore-wing with three veins from first radial cell and two veins from 
second radial cell; hind-wing with three veins from both the first and 
the second radial cells; anal veins, simple, not crotched. 

Legs, ochraceous yellow, except the coxae, which are dark brown. 
Middle portion of the raptorial femora of fore-legs, dark brown, their 
inner side being darker than the outer. In the mid- and hind-legs, 
two spines at the extremity of the tibiae brown; each of them from 
the 1st to the 4lh tarsal segments is provided with two terminal black 
spines and 7-8 ventral rctae of the same colour and is beset with long, 
dark brown hairs. The tip of the tarsal claw is split into three teeth, 
the middle of which is always longer than the others. 

In the abdomen the anterior half of each dorsal segment is brown, 
but darker posteriorly ; the ventral segments are equally sepia coloured. 
A large chitinous plate projects on the last dorsal abdominal segment 
and is directed posteriorlJ^ A long needle-like projection also occurs 
at the base of the plate. 

Measurements: 


Ijength of body 

11.0 mm 

Width of head 

2.0 

length of head 

0.8 

Length of antenna 

2.0 

Lcngtli of prothorax 

3.2 

Length of fore-wing 

11.8 

Width of fore-wing 

3.0 

length of fore-femur 

4.0 

Expanse of wings 

24.9 


Licality, Ibusuki, Kagoshima Piefeclure. A single male was taken 
by myself on September 6, 1925. 

Ranarks. This mantispid resembles C, 4 -iuberailata, frem which 
it is easily separated by its smaller size, differences in colour and 
markings, venation, and the structure of the posterior abdomen. The 
number of teeth on the tarsal claw is the most characteristic feature 
by which the present species may be easily distinguished frem most 
of the other species. In Cliwcciella it is not cemmon that the tarsal 
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claw has three teeth, and such case is hitherto known only in C, magtta 
(Miyake). 


Climaciella tanegashimensis, n. sp. 

Female. — I lead, orange yellow, with three black transverse lines 
between the antennae, on the clypeus and on the occiput respectively; 
trophi, orange yellow; mandibles, black; antennae, black; along the 
median line of the head there is a deep groove which arises between 
the antennae and tcmiinates at the occiput. Antennae, dark brown 
with 30 segments, the basal segment is conspicuously larger than the 
second, the last segment is spindle-shaped, with many basiconic sensillae. 

Prothorax, pitch-dark in colour with some long transverse impres¬ 
sions, the anterior dilated portion, orange yellow and with its anterior 
margin pitch-dark. On lx)th the anterior and the posterior portions 
there occur two warts. 

Meso- and metatliorax, black, with its dorsal median line pale 
yellow; near the hind imrt of the scutum there occurs an oblong 
projection, the jx^sterior part of the scutellum bears a small process 
(a tubercular process on the mesothrax, a spindle-like process on the 
metathorax) ; in the middle part of the scutum, moreover, there is a 
deep concavity with a yellowish margin. 

Wings, hyaline; veins, brownish yellow, costal area with a pale 
brownish broad band, both microtrichia and macrotrichia dark brown; 
the microtrichia on the wing-membrane are somewhat sparsely disposed. 
Fore-wings with three veins from both the first and the .second radial 
cells; hind-wings with four veins from the first radial cell and three 
veins from the second cell; anal veins, simple, not crotched. 

Fore-legs, dark brown, with trochanter black; femora and tarsi 
with yellow and black hairs mixed; mid- and hind-legs, dark brown, 
with pleural suture black. Tip of each claw' splits into three teeth, 
the middle of which is longer than the others. 

Dorsal surface of the abdomen, yellowish brown, but wuth the 1st, 
2nd, 4th, and 6th segments black; ventral surface of the same, black, 
with the 6th segment yellow. On the middle part of the 2nd dorsal 
segment there occurs a tubercular process. Extremity of the abdomen 
bears long dark brown hairs thickly di.sposcd. 
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Measurements: 


Length of body 

16.0 

Width of head 

2.8 

Length of head 

1.0 

Length of antenna 

2.8 

Ijength of prothorax 

4.0 

Ijength of fore-wing 

16.0 

Width of fore-wing 

4.8 

Length of fore-femur 

6.0 

Expanse of wings 

31.6 


Locality. Tanegashima, Kagoshima Prefecture. Two females were 
taken by myself on September 8, 1926. 

Retnarks. The species which stands in the nearest relationship to 
this new species is C. habntsuella Okamoto. They differ from each 
other in the structure of the wing and in the form of the mesothorax, 
as well as in the form of the tarsal claw. 

Here I appended two tables showing the most important characters 
of the five hitherto known Japanese species and of the present two 
new species of the genus Climaciella. 



Ijength of body 

Number of 
segments of 
antenna 

I. 

Number of teeth 
of tarsal claw 

C, stihfusen 

11.5 mm. 

— 

6 

C. 4-4i4bire9*laia 

12.0 

27 

4 

C. halmtiUiUa 

13.0-14.0 

28 

6 

C. tniyakei 

20.0-22.0 

ni 

b 

C- tmtgna 

27.0 

40 1 

3 

C, sairum^nsis 

11.0 

23 

3 

C, tatugasMntmUt 

15.0 

30 

3 
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Fore-wing 


Hind-wing 

V^eins from 
IR, 

Veins from 
2k| 

Veins from 
costal cell 

Veins from 
IR, 

Veins from 
2R, 

C. suh/usca 

3 

’ ^ 

\ 

1 

3 

2 

C. ^rtubertulaia 

4 

3 

8-9 

4 

3 

C, habuisueUa 

4 

3 

1 8-9 

4 

3 

C, iniyakci 

3-6 

.3-4 

8-9 

.3-5 

3-4 

C, magna 

6-6 

6-6 

14-16 

6 

6-6 

C. stUsumensis 

3 

2 

11 

8 

3 

C. tanegashimensis 

3 

L ■£- 

10 

4 

3 
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Explanation ok Plate. 

4 

F{g. t. CtimacieUa satsumensis, n. sp. Fore- and hind-wings. 

Fig. 2. Ditto. Antenna. 

Fig. 8. Ditto. Dorsaf view of hind tarsus. 

Fig. 4. Ditto. I.ateral view of hind tarsus. 

Fig. 5* Ditto. Lateral view of terminal segments of aMomen. Showing the' 
remarkable chitinous plate and amspicuous spine. 

Fig. 6. CUmaculla saisufnemitt n. .sp. Structures of IR of fore-wing. Showing the 
macrotrichia and microtrichia. 

Fig. 7. CUmaciella tanegashimettsis^ n. sp. Fore- and hind-wings. 

Fig. 8. Ditto. Antenna. 

Fig. 9. Ditto. lateral view of prothorax. 

Fig. 10. Ditto. l.ateral view of meso- and metathorax. 

Fig. 11. Ditto. Dorsal a.spe€t of niesothorax with a deep concavity. 

Fig. 12. Ditto. I.atcral view of hind tarsus, 
l^'ig. 18. Ditto. Dorsal view of hind tarsti.s. 

Fig. 14. Ditto. I.ateral as{3ect of terminal segments of alidometi. 
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Sur la Croissance Normale du Paramecium caudatum^ 

I)K 

Fukuiciuro Mizuno 

rx)rsque Leeuwenhoek dccouvrit en 1675 avcc Vcspccc Vorticella 
une autre espece de protozoaires cc fut sans doute la premiere decou- 
verte de I’especc Paramecium, Par la suite le Paramecium caudatum 
et Ic Paramecium aurclia ayant unc forme plus ^rosse ct se trouvant 
un pen partout furent les plus etudies des protozoaires. 

II s’ensuit que la croissance du protozoal re a cte ju.squ’ici ctudiee 
profondement, mais on avait porte suitout Tattention sur sa multipli¬ 
cation, sans etudicr pour ainsi dire sa croissance. Ce}Xindant ce dernier 
ix)int a ete ctudie par Pearl (1907), Jennings (1908), Rautman (1909), 
PopoFE (1909), P^tadrook (1910), IIakgitt ct Fray (1917). PiuLLirs 
(1922), et Sciimalhausen (1925). 

Parmi ces derniers Jennings ct Scum alii ausicn sciils sc sont occupes 
dc cette croissance normale. Jennings a procede par la dcssiccation 
du Paramecium et en a mesure la largeur ct la longueur des cellules; 
tandis que Schmalhausen en a etudic les cellules vivantes. Je voulus 
moiau.ssi faire cette etude sur des Paramecium vivants, mais je ne 
pus reussir a en prendre les mesures. Alors ayant recouru a la 
dessiccation je pus mesurcr la longueur, la largeur et I’aire des- dits 
protozoaires. Au moyen dc ces trois dimensions je pus etudier la 
croissance normale des Paramccia et cette these est le resultat dc cette 
etude. 


MATlf:RE ET Mf:Tnor)E 

Pour cette etude je me suis servi de Paramccia recueillis dans un 
fosse (egout) qui se trouve au pres de I’univcrsite. J*en separai un 
seul que j'elevai dans une infusion de foin et Ic multipliai. Grace a 
cette multiplication je reconnus sans erreur I’espece Paramecium 
caudatum et ce fut la donnee de mon etude. 

Pour faire Tinfusion j’employai 6 grs. de foin 500 c.c. d’eau distill^ 
que je fis bouillir une demi-heurc, et laissai reposer toute la joumee 
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avant de m*en servir. Chaque semaine je renouvelai cette infusion 
pour multiplier et pour conserver les protozoaires. Pour cc faire je 
prenais dc 20 a 30 cc. d’eau de Tinfusion precedente. Pour obtenir la 
•croissance, j'ernployai comme aliment L’Extrait de Viande Liebig 
employe deja par les experimentateurs precedents, cn solution de 
0 . 0269 ^. Dans une experience preliminaire je compris que ce pour- 
centage etait la plus efficace pour la multiplication des protozoaires. 
Cette solution de Liebig fut introduite dans Teprouvette bien bouchce 
d’ouate et sterilisee a Tautoclave. Le jour prec&lent, choisissant la 
-bact^ric, j’introduisis le Bacillus fluorcscens liquifaciens et chauffai 
Teprouvette entre 27** et 32'’C. 

Ph. de la culture medium au premier jour etait a 6.2-6.8 et le 
jour suivant, par le fait des bactcrics Ph. arrivait a 5 environ et pen 
a pen I’alcali vint a apparaitre, comme du reste cela se produisait 
dans Tinfiision de foin, ce que Booine avait deja verifie en 1921. Dans 
rinfusion de foin le changement de Tacide en alcali est a son plus 
haut degre le 3eme et le 4emc jours et e’est .a ce moment que le 
raramccium se divisat le plus. 

Pour controler la temperature, j’employai Tetuve. A la temperature 
variant de 24® a 26®C. le Paramecium se divisa cn deux au bout de 
8 a 9 heures. C*est le mcme resultat qu’obtint Poix>ff (1909). Je 
voulus verifier s’il n*y avait pas de difference dc multiplication a Tetuve 
noire, ou a la lumi^re, et je constatai comme Maupas (1888) et 
Woodruff (1906) Tavaient deja fait que cette difference n'cxistait 
pas. Done dans les tenebres ou a la lumiere il n*y avait pas de 
difference comme Ic prejendit Dembowski (1922). 

Apres le troisi^e ou le quatriemc jour de I'inoculation du medium 
dans rinfusion de foin, j’en puisai une petite partie et en Texaminant 
au microscope a dissection, je pus saisir sans difficulte le moment de 
la division du Paramecium, J'en saisis un avec la pipette effilec et je 
Tinserai dans le medium Liebig ebauffe prealablement a 26®C« 
•division se faisait parfois aussitot, d'autrefois elle s'operait au bout de 
30 minutes environ. Aprds avoir not6 le temps de la divison, je 
placai chaque Paramecium sur une lame a concavity, dans laquelle se 
trouvaient a peu pr^ 0.016 cx. de medium Liebig. Ensuite j’enfermai 
xette lame chacune dans une bdte de Patri, et pour emp^her T^apora- 
Hoti de medium je plafai ces boites dans une etuve, Apr6s un temps 
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d^rmine, je saisis le Faramecwm avec la pipette cffilee pour le placer 
sur une soucoupe de verre. Apres avoir epuise le plus possible le 
medium Itquide, je versai beaucoup de Worcester's fluid " pour tuer 
le dit Paramecium. Ce fluide contient une solution saturce de sublime 
corrosif avec 10 96 de fonnaline. J'essyai la solution employee par 
Bouin ct ScHAUDiN. mais ce Worcester's fluid " a ete le plue eflficace. 
Puis je mis dans la glycerine ce Paramecium mort pour le conserver 
humide et transparent. Ensuite je le plaqai sur une lame de verre^ 
et pour ne pas I'ecraser avec la lamelle superieure. J'eus soin de mettre 
entre les deux un poil de marniotte. Je grossis mon echantillon 600 
fois au microscope, je pris son esquisse avec I'appareil a dessiner 
d'Abbe, et je mesiirai au planimetre sa surface non sans avoir note sa 
longueur ct sa largeur. rcsultat de ccs mesures est consigne d'apres 
la methodc statistique inseree dans cc travail. 


RfeSUI.TAT 


Avec les Tables (I, II, III, IV.) et avec la carte echelle (Fig. 1.) 
ci-joints on comprendra facilement mon assertion. A la fin de cette 
etude j'ai insere des tables de correlation qui la rendront plus evidente. 

Table I. 


Teinpb d’ 

Nombre | 



Longueur 


DifTerences 

oUiervation 

dividus 1 

Moyen (p) 

I>evSMioi> type 

Coefficient de 
variation 

variation (p) 

IinmMiaienieiU 

i 






la scission 

80 1 

126.687^ 

.637 

8.441 dr.450 

6.716±.S67 


6 minutes aprds 

60 


.751 

7.874±.M1 

5.646±.374 

128-165 

16 minutes apres 

61 

I66.383± 

.824 

8.726±.68S 

6.618±.S76 

187-176 

BO minutes apr^s 

61 i 

158.667 d: 

.665 


4.448±.804 

137-179 

45 minutes aprds 

60 


.767 


6.014±.840 

143-181 

1 heures aprds 

65 1 

]62.846i; 

.717 

8.574±.607 

8.266:1: .812 


2 heures aprds 

76 1 

ie4.138± 

.789 

9.493d;.623 

6.787±.667 

144-184 

4 heures aprds 

90 


.020 


8.129±.46l 


6 heures aprds 

70 ! 



7,781 ±.788 


8 heures aprds 

65 j 



8.087±.924 

146-204 


Immedratement apres la separation en deux du Paramecium^ la 
longueur de chacun d'eux etait de 126.687//., trente minutes apres elle 
augmentait de 82.080//. et apres 30 minutes encore elle augmentait de 
nouveau de 4.179//. et ensuite elle aiigmenta par heure de 1.287/1, 
2.918/i, 4.661/1, et 2.765//. On voit ainsi que pendant la premiere 
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dbn&4Murc elle augmentc considerablement, dans la seconde demi-heure 
raugmentWStaiL «st moindre, puis elle grossit ensuite tres lenteinent. 
Ce rcsultat cst dbK 4 peu pr^s equivalent a celui obtenu par 
Jennings (1909) et Schivtalbassen (1926). Parmi les individus, celui 
de la plus grande longueur arrivals |B^ue au double de celui de la 
plus petite. deviation type parait augniKAt pen a pen, ce doit etre 
d'apres la condition des individus etudifo. 

Quant a la largcur, la Tabble IL montre un resultat intcrcssant. 


Table IL 


Temps d* 
observation 


i Nombre 
j d*in- 
I divkUis 


IminMiatemenl | 
apr^s la scission \ 80 

5 minutes aprds| 50 

15 minutes apri^s 51 

80 minutes apr^si 51 

45 minutes apr^sj 50 

1 heurcs aprds j 65 

2 heures aprds ; 75 

4 heures apr^s ! 99 

heures apres | 79 

8 heures apr<^s ! 65 


I 


Moyen (p) 


57.375i: 
41.500± 
42.784± 
42.686± 
46.600± 
60.077± 
54.800i: 
60.687i 
67.066± 


.666 

.507 

.722 

.645 

.547 

.710 

.555 

.679 

.779 


72.692±1.144 


J .argeur 
Deviation lyiie 


8.8S0±- 
5.S15± 
7.642d: 
6.775i: 
6.600dr 
8.489dr 
7.129 d: 
8.645d: 
10.264± 
13.684± 


.471 

.358 

.610 

.386 

.887 

.512 

.398 

.410 

.551 

.809 



Differences 


de 

CocfHcient de 
variation 

variation (|x) 

J6.391± .8S4 

41- 81 

12.807± .986 

32- 63 

17.862d: .230 

31- 69 

13.540± .920 

33- 56 

12.297d: .842 

3.3- 61 

16.964± 1.273 

88- 71 

13.009d: .767 

39- 75 

14.081 ±2.176 

44- 89 

12.992±1.201 

60- 91 

18.768±1.188 

63-102 


Aussitot la separation accomplie, la largcur qui etait de 67.375/i. 
au bout de cinq minutes se trouvait reduite a 41.600/i. e'est-a-dire elle 
etait diminuee de 15.876/1. et pour reprendre sa premiere largeur il 
fallait de 2 a 4 heures. La deviation type pour la largeur etait selon 

Table III. 


Temps d* observation 

LMndex moyen 

\ longueur / 

Coefficient du 
correlation cnlre 
longueur et largeur 

Coefficient du 
correlation entre la 
longueur et I’airc 

ImmMiatement apr(^s 
la scission 

0.487 

-0.128±.074 

0.260±.071 

5 minutes apr^s 

0.292 

0.5d8±.068 

0.352±.084 

15 minutes aprds 

0.275 

0.343db.088 

0.181±.091 

30 minutes aprds 

0.269 

0.106±.09S 

0.408±.079 

45 minutes apr^ 

0.298 

0.402:1:.060 

0.188±.092 

1 heures apr^s 

0.308 

-0.177±.101 

0.135±.082 

2 heures apr^s 

0.384 

0.138±.076 

0.585±.05] 

4 heures apr^s 

0.363 

-0.380±.049 

0.386^^068 

6 heures apr^s 

0.391 

.4).166d: .068 

0.298drX)69 

8 heures apr^s 

0.419 

0.189:1: .010 

0.656±.077 
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le temps la mcme que la longueur. Jennings (1908) avait constate le 
mcme changenient dans la largeur. Le plus large individu iteH frois 
fois plus large que le plus petit. 

L’index inoyen a done tendance a changer avec la largeur. Aus- 
sitot apres la separation du corpusciile la largeur augmentant et la 
longueur diminuant, le coefficient dt correlation cause tout naturellenient 
un negatif. Mais au bout de cinq minutes, rnalgrc la tendance apparente 
a la diminution de la largeur, par le fait de Taugmentation en longueur, 
la majorite des echantillons montre au contraire une tendance a 
I’augmentation de cette largeur ct alors le resultat dz correlation est 
possitif. Ainsi dans la table dj correlation (p. 375, II) nous trouvons 
que parmi les 60 individus ctudies dans cette table a pen pres la moitie 
c. a. d. 23 individus trouvent a 37 /l et le resto cst distribue qa ct la 
audessus de 37//. Le minimum de largeur devait done exister avant 
les cinq minutes qui siiivent la scission. Au bout des cinq minutes la 
largeur avait da se rctablir, pour annihiler ainsi ce negatif. 


Table IV. 


Temps d’ 
observation 

Immediatetnent 
apr^ la scission 

5 minutes apr^s 
15 minutes aprds 
30 minutes apr^s 
46 minutes apr^s 

1 heures apr^s 

2 hcurcs aprds 
4 heures apr<>s 

6 heures apr<^ 
8 heures apr^s 


Nombre 

d’in- 


dividus 


Moycn (cm*.) 


Aire X 600 
Deviation lyiie 

(cm5.). 


CociKcicnt de 
variation 


DlffcrcnceH 
de variation 
(cm’**.) 


80 

50 

61 

61 

60 

66 

75 

99 

79 

66 


12.200±.079 
10.460d:.212 
12.294±.264 
12.235db.170 
13.460±.202 
13.684db.176 
14.920±.194 
17.466 db.161 
19.734dr.262 
21.846±..346 


1.044 dr.066 
2.220±.150 
2.793±.187 
1.800±.120 
2.140±.143 
2.009i:.124 
2.497±.138 
2.281 db. 107 
3.448rb.l86 
4.136±.246 


8.669d: 
81.223±1 
22.721 dbl 
14.711± 
16.896±1 
16.462±: 
16.7.35± 
12.779dr 
17.474dr 
I8.929drl 


465 

432 

,617 

.983 


.9.38 

.120 


7. 

7, 
9, 

8 . 

10 , 

914| 10. 
11 , 
61.3| 13 


9-19.3 
9-15.9 
6-19.9 
8-16.8 
,0-19.7 
6-17.2 
6-22.3 
4-24.2 
.6-30.7- 
4-3.3.2 


Quant a «raire e’est ii peu pres le memc resultat que pour la 
largeur. Mais on n’y voit pas un aussi grand changemsnt que dans 
la longueur ou dans la largeur. Apres la scission cette airc diminue, 
mais pour se retablir aussitot. A ce moment la largeur ctant plus 
forte le corpusculc est arrondi mais pen apr6s la largeur se retrecissant, 
la surface diminue. II s'agit uniquement dz I’aire car Ic volume ne 
doit pas changer. Le maximum d’aire d’un individu est 4 fois plus 
grand que son minimum. La courbe de la croissance au point de vue 
de Taire peut done etre consideree comme une ligne directe. 
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170|*. 70|i. 

160|fc. dOfi^ 

150ti.. 50|4. SOcra^ 
140(fc. 40yi. 
iaO|i. aO\k. lO’cm^ 

120pi« 20v^ 0 


Fig. h 

'Aaslonguflur. 

Boslorgcur. 

.Csaire. 



CONSTDfeRATlON GfeNERAI.E 


Ijc phenomena de croissance du Metazoaire a ete longuement etudie. 
En general la croissance organique signifie la croissance du volume; le 
volume groasissant la masse doit grossir en meme temps. C’est done 
au moyen du poids qu'on a etudie cette croissance. La courbe de 
croissance est egalement indiquee par le poids. Mais pour les proto- 
zoaires, le corpuscule etant infime on ne peut le peser. Aussi leur 
croissance n'a ete 6tudi£e qu*cxterieurement e’est-a-dire par la longueur 
et par la largeur (Jennings et Schumalhausen). Egalement on a 
mesure leur volume d’apres ccs deux dimensions (Popoff). Mais 
comme le volume reste inconnu, on ne peut obtenir unei juste notion 
de cette croissance par Tetude de la longueur et de la largeur. Done 
bien qu!on ait pu faire le calcul de ce volume, [ce n*est qu'un calcul 
approximatif. Mais a)^nt etudie cette crdssance par Taire, bien que 
ce n'ait pas ete Tideal encore, on peut vu les circonstances, le considcrer 
comme le meilleur resultat obteou jusqu’ici. 

En joignant a Tetude de la longueur et de la largeur, celle de Taire, 
on obtieot un r^uUat tr^s different. Car en etudiant la longueur 
.seulement jpn constate qu’elle augmente beaucoup apr^s la scission, et 
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pour la largeur on constate son retrecissenicnt, niais Tetudc de Taire 
indique que le changement cst peu considerable. Cg changement doit 
etre seulement a un manque d etude par Taire, car pour le volume 
real la raison indique qu'il n'y a pas de changement. Au bout de 
cinq minutes apres la scission le coq^usculc s’allongca pour prendre sa 
forme reguliere, mais sa croissance n*est pas rcelle comme I'indiquerait 
sa longueur. Un pareil changement de forme et de dimensions a ete 
profondement etudic par Child (1915), mais le cas du Parmneciuin 
semble etre le cas le plus simple dc reprise de forme. 

En voyant la courbe dc croissance dc Tairc, on remarque comme 
je Tai dit prcccdemment que la courbe de croissance du corpuscule est 
unc courbe lineaire, En 1911 Hatai a explique mathematiquement 
toute courbe de croissance et il ditAn organism during growth 
tends to form the greatest amount of mass with least of growing 
capacity.” En constatant que la courbe de croissance du Parameciian 
est line courbe lineaire on obtient line preuve typique dc cette definition. 

courbe de croissance du metazoaire si comparce a celle du /?rm- 
meciunu h est evident que cette derniere est plus primitive. 

RESUME 

1. D’apres les etudes faites ci-dessus la croissance du Paramecium 
caudatum immediatement apres la scission apixirait tres grande selon 
la longueur acquisc, mais en meme temps sa lai^eur diminuant, Taire 
indique que cette croissance est presque nulle. II faut done y voir 
seulement un changement dc forme. II enrcsulte qu* en general la 
dimension du Paramecium ne doit pas etre jugee seulement d*apres 
sa longueur et sa largeur, mais la dimension de I'aire me semble etre 
plus satisfaisante. 

2. Etudiee par la methode de Taire la croissance du Paramecium 
catidatum est pratiquement une courbe lineaire, et, parmi les courbes 
de croissance, doit etre consideree comme la plus primitive. 

Je dois la plus profonde reconnaissance a Mr. le professeur S. 
Hatai pour les conseils precieux qu’il m’a donnes et les remarques si 
obligeantes qu’H a daigne me faire pour cette etude. 
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Tableau de la Correlation cntre Lohgueur et Largeuf. 


largeur 
longueui^ 



Hill 

9 w t> 95 


106-109 j 

110-114 I 

i 

115-119 
120-124 
126-129 
iaO-164 
135-189 I 
140-144 i 


1 I 

2 

1 8 
13 2 

3 3 3 

1 4 1 

1 


2 2 1 

1 

8 4 

6 2 1 

4 8 

8 4 

1 2 1 


1 

2 

2 

1 1 
1 


6 12 12 16 20 7 7 0 1 


6 

4 

9 

14 

18 

18 

11 

1 

80 


I. Tmmedlatemeot apr^s la scission. 


largeur 

longucur\^^ 

mil 

[ 

1 

126-129 

i ^ 

2 

180-134 

9 1 

10 

186-189 

4 1 

5 

140-144 

1 6 3 4 2 

16 

146-149 

8 2 11 

7 

160-164 

6 2 2 

9 

166-166 

2 

2 

i 

1 

1 28 11 10 5 

60 


IT. 5 mwuUs 
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Tableau de la Correlation entrc Longueur et I^rgeur. 



135-189 

140-144 

145-149 

150-164 

155-159 

160-164 

166-169 

170-174 

175-179 


I 


I 


1 

1 2 
2 3 
2 2 
7 
4 
1 


1 1 


1 1 
2 3 


1 

3 2 
1 

2 1 
1 


6 20 6 8 6 6 
in. 15 minutes 



3 


4 

5 
7 

17 

0 

4 

1 

1 

51 


1 

2 

1 

7 

16 

17 

5 

1 

I 

61 


IV. 30 minutes apr£s. 
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Tableau dc la Correlation entre Tjongueur et I^rgeur. 


largeur 

longueur\.^^ 

140-144 

145-149 

150-J64 

166-169 

100-164 

166-169 

170-174 

175-179 

180-184 



I 1 2 

2 2 
1 4 



1 


2 1 

8 2 1 
4 2 1 


14 8 1 

1 1 

2 

1 

1 6 10 20 10 8 1 


V. 46 minutes apr<^s. 


2 

0 

7 

16 

12 

9 

2 

2 

1 

60 


largeur 

longueur 'x 

t 

1 

45-49 

1 

to 

1 

II 

70-74 

1 

140-144 






2 


2 

146-149 



1 

1 




2 

160-164 


2 

1 

1 


1 1 



155-159 


8 

5 

2 

1 



11 

160-164 

1 

6 

8 

1 

1 

8 1 

1 

i 

165-169 

1 

6 

1 

2 

2 

1 1 


13 

170-174 

1 

1 

8 

2 

1 

1 


9 

176-179 

1 

1 


1 




8 

180-184 





1 

1 


2 


4 

18 

14 

10 

6 

9 3 

1 

65 


VI. 1 heure aprds. 
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Tableau de la O>rrelation entre Longueur et Largeur, 


largcur 

longueur\. 

II 

140-144 


146-140 

1 

160-164 

1 

166-160 

1 

1^-164 

1 

166-160 


170-174 

1 

176-179 


180 184 



1 4 



1 


1 1 2 

2 2 11 

12 2 2 
1 a 7 2 1 

1 7 8 2 1 1 

8 2 8 

2 2 2 1 1 

4 

0 24 18 10 4 8 


1 

6 

7 
B 

18 

18 

» 

8 
4 

75 


VIC. 2 heurcs Apr^. 
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X»i:^u de la Gurelation entre Longueur et Latguer. 





8 2 


8 2 


5 

6 
10 

7 

17 

12 

II 

10 

11 

4 

6 

1 

99 


379 


VJII. 4 henres apr^. 
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Tableau dc la Correlation entre Longueur et Laigeut. 



IX. 6 heures aprds. 
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Tableau dc la Correlation cntrc Longueur et Largcur. 


largeur 

longueiir\^ 

i 


1 

2 

70-74 

75-79 

1 

i 

90-94 

96-99 

wi-ooi 


146-149 




2 








2 

160-164 


1 


1 

1 

1 





1 

4 

166-169 



1 


1 

1 

1 





4 

160-164 


1 


2 



1 





4 

166-169 

1 

1 

.3 



1 

2 

1 




9 

170-174 

1 

2 


1 

4 

1 

1 


2 

1 


13 

176-179 

1 

1 




2 


1 

2 



7 

180-184 


2 

6 




1 


1 



9 

186-189 


1 


1 


1 

1 


1 

2 

1 

8 

190-194 



1 








1 

2 

195-199 



1 



1 






2 

200-204 



1 









1 


5 

9 

12 

7 

6 

8 

7 

2 

6 

3 

2 

65 
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Report of the Biological Survey of Mutsu Bay.* 

3. Notes on ^e Protozoan Fauna of Mutsu Bay. 

I. Peri<iUiuales. 

Bv 


Tohru Hidkhi'j'i Abe. 

(Zoological Instilnte, Facnlty of Science, Tokyo Imperial University, 

Tokyo, Japan.) 

The investigation of the plankton of Mutsii-Bay carried on last 
August at the Asamushi Marine Biolc^cal Station has brought to light 
a rich protozoan fauna in which the Dinofiagellates are abundant. 
The material, as will be surmised from the conditions of the oceanic 
currents in the Tsugaru Strait, is comprised partly of a number of 
warm temperate water species and partly of those of cold temperate 
seas. 

The present paper includes only the majority of the Feridiniales 
observed during my sojourn at the station last August. The rest of 
them and of other classes will be given in later j^pers. Not only the 
new forms which came to light in my investigations, but also the 
other species which have already been rejKirted from warm and cold 
temperate seas in other parts of the world are figured, and some of 
them are fully re-described here. The difficulty in getting adequate 
literatures fn this country forced me, to my great regret, to leave some, 
which seem to me recommendable, unidentified. The references under 
each species in this paper are those for which I have been able to 
see some figures concerning the species even though the original papers 
for tlU species whether I could or could not get. Of late years several 
difiereift methods of designating the plates of the genus Pmdini^m 
have been proposed. The designating method used in this paper ,is 
Broch's (1910) which was partly modified by Rovigno and Paulsen 
(1911) (Fig. 14). For the necessity of denoting the antapical inter¬ 
calary plates of another genus, I used in thus paper f, jf and w, and 


• A ooDtrlUilion from the Marine Biological Station, Asaimiolii, Aoipoci-Ken. 
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the first figure denoting each series of plates was put on the right 
shoulder of numerals, as, 7* or 3^ to indicate the number of plates 
eomprised in the series. 

Grateful acknowledgement is here made to Professor S. Goto, of 
Tokyo Imperial University, for. his kind advice to commence and 
continue this work, to Professor S. Hozawa, of Tohoku Imperial 
University, for collecting material and supporting this work, and also 
to Professor S. Hatai, of Tohoku Imperial University, the Director of 
the Institute, for the permission to use the research table and for 
getting some reagents and apparatus from Sendai. 

My sincere thanks to Professor M. Koidzumi, of Keio University, 
to Professor T. Kaburaki, of Tokyo Imperial University, and to 
Professor K. Okamura and U. Marukavva, of the Marine Fisheries 
Bureau for advice and kind help in getting literature, and also to 
Assintant Professor S. Kokubo, to Assistant S. Takatsuki, and to 
Assistant Y. Kamada, of the Asamushi Marine Biological Station, for 
collecting material. 

Asterisks (*) were used through out the entire pages to refer to 
those works which I could not read the original papers. 


DINOPHYSIS Ehrenberg. 


1) Dinoi^yais intermedia Pavillard (?). 



Fig. 1. Diitcififyjis iutemudia 
Pavilu (?) (x600) 


•Paviu^ro 1916, p. 68, PI. HI, Fig. 4 . 

Forh 1982, p. 110, PI. VII, Fig. 119. 

An elongated egg-shaped species with 
deep cups composed of singular lists, and a 
rounded posterior end. The ratio of the 
length to the breadth is 0.32, and the widest 
part is about 2/3 from the anterior end. 

Dimensions: Length, 67/!<; transdiameter, 
31/i. 

Loc, Yunoshima, Aug, 16, 1926. 
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2) DinophysU rotundata Clapakedk ct I^ciimann. 

* D. fohiftdata Clap, et T.achm., 1869, p. 409, PI. 

XX, Fig. 16. 

.ScHliiT 1896, PI. 1, Fig. 6. 

Pauiskn 1908. p. 17, Fig. 18. 

Body is broad oval in side view, with 
bilateral flattening. The ratio of the length 
to the breadth is 0.9. The plasma is light 
brownish yellow in colour. 

Dimensions: Length, 63//; transdia¬ 
meter, 48/i. 

Loc. Off* Hadakaiwa, Aug. 14, 1926. 

PHALACROMA Stein. 

8) Phalacroma mitra Sciiirn'. 

.SciiU'iT 1896, PI. IV, Fig. 18. 

Sciit'n’T 1896, p. 26, Fig. .*^8. 

Ok AMUR A 1907, p. 134, PI. V. Fig. 43. 

Forti 1922, p. 106, PI. VII, Fig. 109. 

Dimensions: Length, 64//; transdiameter, 65//; dorsoventral dia¬ 
meter, 44/i. 

Loc, Yunoshinia, Aug. 8, 1926. 



Fig. 2. Dinophym tot undata 

Ci w. ct l.xrii. Cx 600 > 




Fig. 3. a. i^halacroma mitra .ScuDrr. 

A. Apical polar view. B, Antap’cal i^lar view, C, Side view. 
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Fig. 8. b. D, ventral view. E, Dorsal view. F, Side view of another smaller 
specimen with a somewhat deformed eootoiir. (x800) 


DIPLOPSAUS Bergh. 

4) Diplopsalis lenticula Bekoh. 

Bbrgh 1881, p. 844, Fifis. 60-88. 

SchL'-it 1806, H. XV, Fig. 60. 

ScmUtt 1806> p. 81, Fig. «. 

Okamuka 1907, p. 181, PI. V, Fig. 44. 

Paulsen 1008. p. 86, Fig. 44. 

The ventral area is short, flaring slightly posteriorly, guarded with 
4 well developed list on its lefl: and posterior rims. 



It 

4. ImtHMa BfiKGU. 

A and H; puigramt of platei on th* hypoCHeea and the eptthee*. (x400) 
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Dimension: Transdiameter, 43^. 

Lac. Off Hadakaiwa, Aug. 10, 1926. 

6) Diplopsalis lenticula Bergh var. (?). 

This differs from the preceding species in having only one antapical 
plate and in it’s smaller size. The ventral area is somewhat larger 
than the type species and is elongated obliquely and posteriorly to the 
left, along which left rim exhibits a broader list, but not extending to 
the posterior rim. 

Dimensions: Length, 61/i ; transdiameter, 45/i. 

Loc. Off Asamushi, Aug. 10, 1926. 



’ Fig. 5. Diflopialh UniUula Bergh var ? 

A and B, Patiem of the ^atea the hfpoiheeti and the epitheca. C, Ventral 

n, aUh (xdMSI 
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CONYAULAX Diesing. 

6) Gonyaulax polygramma Stein. 

« Sirin 1888. n. IV, Fig. IS. 

SciiC-i-r 1806, H. IIX, Rg. 88. 

Okamura 1907, p. 182, n. HI, Fig. IS. 

Paulsen 1908, p. 29, Fig. 36. 

Kofoid 1911 (a> p. 229, H. X. Figs. 6-7, PI. XVIT, Fig. 47. 

A medium-sized, somewhat elongated species with longitudinally 
striated and reticulated surface. Body is rugged oval with both shoul¬ 
ders angled at the apical-precingular and postcingular-antapical sutures. 




Fig. 6. Gonyaulax polygramma Stein. 


B 




A, Ventral view. B, Dorsal view. C, Dorsal right-side view, D, Ventral left-tide 
view. E and F, Apical and antapical view of^a fspecimen showing the arrangement 
of the tongUadinal riUL (x600) 
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bearing one or two small antapical spines. The longitudinal ribs vary 
in number and arrangement, but some of them are tnore or less exactly 
on the suture lines, so that it is possible to distinguish the thecal order 
from the arrangement of the ribs. The plasm is dark yellowish green. 

Dimensions: T^ength, 57/i; transdiameter, 46//; dorsoventral dia¬ 
meter, 42//. 

]^oc. Off Hadakaiwa, Aug. 10, 1926. 

7) Gonyaulax spinifera (Clap, et Lachm). 

PAIII.SFN 1008, p. 29, Fig. :j7. 

Kov'iMiy 1911(a), p. 209, PI. X, Figs. 8-10, PI. XVI, Fig. Text-fig. A-D. (?) 

0\ man^ni FAURfe-FRKMiKT 1908, p. 2S0, Fig. 16.; PI. XVI, Fig. 19. 

Peridinium spiniferum Ci,ai’. ct 1896, p. 406, PI. XX. Figs. 4, 6. 

A minute species with a broad spiral girtllc and an antapical horn, 
closely corrcsjxfnding to 6\ mangini F. F. judging from the figure and 
descriptions given by the author. 

Body is somewhat short and egg-shaped. The cpitheca is subconical 
with a short apical horn. The girdle is very brorid and median, with 
well developed lists of the body wall. The furrow is deeply lmpres.sed, 
and descending, and is displaced di.stally girdle widths, and overlaps 
one of its widths. The groove connecting its two ends is narrow but 
is deeply impressed. The ventral area is a narrow furrow, curved 
somewhat obliquely to the right. 

The hyi3otheca is a flat heinisphere, with a short but distinct 
antapical spine on its apex at the right |it)st- 
inargin of the longitudinal groove. 

It is quite probable that G. monoacautha 
Pavill is clo.sely related to this sjiecies in its 
general features except in its large, distinct, 
apical horn. 

Dimensions: length, 27//; transdiametcr, 

22 //. 

Loc, Off Asamushi, Aug. 21, 1926. 

8) Gonyaulax polyedra Stein. 



Fig. 7. GoftyntUax spmifera 
DiFsiNt;. 

Ventral view. (x600) 


*SiHN 1883, p. 18, PI. IV, Kigs. 7-». 
Pauusrn 1908, p. 81, Fig. 40. 



390 


T. U. ABE 


Kovulu 1910. p. 288, n. XIl, Fiip. IS^; FI. XIV. 
Figs. 28, 29, 81 i PI. XVII, Fig. 48. 
a)N»Al> 1926, p. 98, PI. ir. Fig. 87. 

A medium-sized species. The body is 
pentagonal with a truncated posterior end. 

Dimensions: Length, 34/<; transdiameter 
36//. 

Ijoc. Off Futagojima, Aug. 23, 1926. 

Fig. 8. Gonyamlax polyedra 
Stkin. ( X 600) 

!>) Gonyaulax turbynd Murray and Whii'ting. 

Murk. «nd Wuri-r. 1899, p. 328-.'<24. VI- XXIIX, Fig. 4. 

Kufoiu 1911(a> p. 228, PI. XVII, Fig. 44. 

Forti 1922, p. 80, PI. VI. Fig. 67. 

A small, ovoid species without 
a distinct apical horn. Tire sur¬ 
face is striated with pores which 
are sparsely but more or less 
longitudinally scattered, and the 
inter-striae regions are markedly 
reticulated. 

Dimensions; Length, 40//; 
transdiameter, 34//. 

Loc. Yunoshima, Aug. 16, 

1926. 

PYROPHACUS Stein. 

10) Pyrophacui horologicum Stein, 

*Stbin 1888, FI. XXIV, Figs. 1-18. FI. XXV, Fig. 1. 

BUtscku 1888, FI. LIV, Rg, 3. 

SchUtt 1898, PI. XVII, Fig. 81. 

SchOit 1896, p. is;'i8, Rgs. 17, 21. 

Fauiarn 1908, p. 67, Fig; 89. 

A large, flatten^' ^>^es. The number of plates are roughly 
proportional to its size, laiger ones having a. larger number of plates, 



A B 

Fig. 9s Gonyaulax luthynti Muk* and 
Whitt. 

A and B, Ventral viewn of two 
specimenf. (xOOO) 
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and smaller ones a smaller number of plates. The specimen shown 



Fig 10. Pyropha€us horologiewn Stkin. 

A and B, Arrangement of the plates on the epitlieca and the hyi^olhcca of one 
spKCimen, having prolmbly a minimum numlier of plates. C, The hy{)otheca of 
another larger sjjecimen showing a larger numl^er of plates. (x280) 


SPHAERIDINIUM Woloszynska. 

11) Sphaeridiilium asymmetria^ n. sp. 

A minute, spheroidal species with a somewhat curved ventral area, 
a relatively wide girdle, and no apical nor antapical processes. 

The body is spherical. The epitheca and the hypotheca are both 
hemispherical. The most conspicuous character of this species is a 
distinct diagonal suture ridge on the epitheca from the left ventral to 
the right dorsal, crossing the apical pore. It is incomplete as it is 
only within the area of the apical and the intercalary plates, not 
extending into the precingular series which is only poorly developed. 
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It, then, divides the pla;tes, though incompletely; into two groups, the 
apical /, and and the intercalary y in the ventral, and the apical 
j and the intercalary d, c, in the dorsal half. Having some relation 
with the obliquity of the ridge, the plates of the right ventral and the 
left dorsal regions are larger or more extended than those of the left 
ventral and the right dorsal parts so that the apical plate 2 is smaller 
than the plate and the precingulars a and b are much smaller than 
the corresponding plates g and /. Of these the first surely is the 
smallest in the cpitheca. The intercalary plate is the largest one, 
and the others, y and e, show a slight difference in size, but they are 
markedly displaced to the left side of the body by the asymmetrical 
development of the apical and the prccingular plates. The precingular 
r is a very low but wide quadrangular plate. The apical pore is 
relatively large with a little smaller pore-like ventral slit. The slit is 
not accurately in the ventral median side, but is deflected about 46®. 
to the right side of the body from the dorso-ventral median plane. 
It also makes an angle of about 60®. with the diagonal suture ridge. 
The girdle is broad and median. The furrow is not deeply impressed, 
and is very slightly ascending without marked side-lists. The ventral 
area curves to the left and then to the right in sausage shape, bearing 
a semi-lunar list on its posterior right side. It is deeply impressed in 
the anterior part and along the right edge of the post-girdle part of 
the area, of which tlie middle portion is covered with the hyaline 
semi-lunar list. The hypotheca is hemispherical, as stated above. Its 
plate formula is 5 -^, 2^^ and .??. As will be clearly recognized in the 
text figures, one small, elongated plate, Z, is seen at the right of the 
incurved right rim, and a minute semi-lunar plate, at the rear of 
the posterior ecl^e of the ventral area.. These small, hypothecal, 
intercalary plates, with the epithecal diagonal ridge, keep this species 
aloof from any other species of Peridinium. The surface is smooth 
and the plasm is colourless. The suture lines, excluding the ridge, 
are very narrow and indistinct, being recognized in some specimens 
only with ^ the oil immersion. 

This species is distinguished at once from P£ri€Uniunt glcbutm and 
P, minutunh by its rounded apex. The curved ventral area and the 
irregularly displaced thecal plates serve tO'separate it from P, spherkum 
Murr. Whitt. The ventral area of this species has some similarities 
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Fig. 11. Sphaeridinititn asymmettia^ n, sp. 

A, Somewhat oblique ventral view. B, Obliciue apical view. C, Oblique dorsal 
view of the hypothcca. 1), Right side view. (x600) 



A 




Fig. 12. ‘S’, asymmetria^ n. sp. 

A and B, Diagrams of the plate 
arrangement of the epitheca and the 
hyi)olheca. ( x 1500) 

its separation to the genus 


Fig. 1.3. 5. mymmetriay n. sp. 

Oblique antapical view of the ventral 
.surface of the hypothcca. (xl500) 

with Ganiodoma sphericum Murr. & 
Whitt., which differs in having a 
smaller ventral area, a listed girdle with 
its proximal arch, and a different plate 
pattern. This .species is remarkable 
both in having two antapical intercalaries 
and in the development of the apical 
diagonal band, as well as in the struc¬ 
ture of the ventral area. It is not 
closely related structurally to any other 
species in the genus Peridiniunh and 
Sphaeridiniiim is ju.stified mainly on the 
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ground of its spherical body without girdle lists or any appendages 
except the ventral fin, and also on its antapical intercalary plates. 
The anterior antapical intercalary plate ought not to be regarded as a 
post-cingular plate, but must be se|>arated into another series, the 
antapical intercalary series, with the minute posterior plate, from the 
view point of its development, so that the plates of the hyix>theca 
consist of 5 precingular, 2 antapical, and 2 intercalary plates. The 
absence of one apical intercalary plate and the excess of one plate in 
the antapical intercalaries make it doubtful as to whether this species, 
really deserves to be separated in the genus Spliaeridiniuin or not. 

Dimensions: Ijength 36/i; transdiameter, 34/i. 

Loc, Off Asamushi, Aug. 16, 1926. Very rare. 


PERIDINIUM Kiirenherg. 



BK(.)Cn*8 modiSed method of deno¬ 
ting the thecal plates. 


Upon attempting to arrange the 
vast divergencies of the morphological 
variations in the genus, early observers, 
ScHUTT, Bergh, and Gran divided 
the genus into two subspecies, Proto- 
peridinuim and Euperidinitmh according 
to the anterior displacement of the 
girdle, coupled with the solid antapical 
horns for the former, and the posterior 
displacement of the girdle together 
with the hollow antapical horns for 
the latter. But in later year another 
system was proposed by J0rgensen 
(1912) on the basis of plate relation¬ 
ships, which was confirmed by Bar- 
rows (1918), though criticized and 
somewhat modified by Pavilt^RD 
(1916). Barrows divided the genus 
into three groups, giving the name 
Orthoperidinium to those species having 
the ventral plate pattern of P, achro^ 
maticuffu Metaperidinium to these 
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having that of P, pellucidum^ and Paraperidinium to those having the 
plate pattern of P, spheroidea. In the former system the main emphasis 
is placed upon the structures of the girdle and the antapical horn, but 
in the latter it is based only on the plate pattern without considering 
any of the characters of the appendages and the girdle. It would 
be convenient if the two systems were used together to denote the 
characters of the s^jecies, and the two are not unimportant in dividing 
the genus, each designating the different structural characters. 

12) Peridinium orbiculare (Paulsen) var. temaris, n. var. 

A small, spherical sjiecies without elevation of the apical horn, or 
antapical spines. 

The epitheca is subhemispherical. The plates are of the Ortho- 
peridinium ty|oe. The plates of the apical are well developed. The 
girdle is median, is relatively wide and ascending, and is displaced 
distally half its width. The furrow is not impressed, bearing low 
side-lists. The section at 
the girdle is circular. The 
ventral area is narrow and 
short, guarded by a broad, 
hyalinous, crescent fin on 
its left side, not extending 
to the iX)stcrior extremity. 

The hyix)theca is also sub- 
hemispherical without post¬ 
indentation, or antapical 
spines. The antapical plates 
are large. A small, some¬ 
what triangular, intercalary 
plate is on the right side 
of the ventral area as 
well as five postcingulars. 

The surface is smooth. The P^ridiniu.., oriU^lare 

var. temariSf n. var. 

intercalary bands are wide , . 

A, ventral view. B, Oblique ventral view. C, 

and are provided with Dorso-apical view. D, Antapical view. E, Antapical 
distinct transverse striations. view of the epitheca. (x600; 
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The lacking of one dorsal intercalary plate in this variety serves to 
separate this from the atlantic species. 

Dimensions : Length, 36/4; transdiameter, 84/4. 

Loc, Off Futagojima, Aug. 23, 1926. 

13) Peridinium nipponica, n. sp. 

A small, spherical species with a short apical horn and four delicate 
antapical spines. 

The body is spherical without any ventral flattening. The girdle 
section is circular and is perpendicular to the body axis. The apical 
pore is at the terminal of the small apical horn with a short ventral 
slit. The thecal plates are of the Paraperidinium type with three 
intercalary plates. The epithcca is hemispherical, spmmetrical with the 
hypotheca. The apical plate i is a large hexagonal. The precingulars 
b and f are the largest in the series, while the dorsal dis a flat plate. 
The dorsal, hexagonal, intercalary d is as large as the plate b, but 
the other two pentagonals, y and e, are the smallest in the epitheca. 
The intercalary bands are wide. The girdle is median and is relatively 
narrow, with hyaline side-lists. The furrow is circular and is faintly 
impressed. The ventral area is spoon-shaped, comprising anterior 
narrow and posterior wider portions. The flagellar pore is in the left 
corner of the posterior wider portion, the ventral and the dorsal rims 
of which hear two short spines. Two other longer spines arc seen on 
the postero-latcral edges of the area, all of them having no side-fins 
except the short ventral one. A longitudinal fin is on the left side of 
the ventral area connecting the short, dorsal spine and the proximal 
l>art of the posterior girdle list. The longer spine is 0.33 times that 
of transdiameter. The surface is smooth except the intercalary bands, 
which are faintly striated transversely. The plasm is colourless. A 
closely resembling si>ecies, P. sphericum, was reported off the coast of 
Tosa, Shikoku, by Okamura, but differs from this species in its larger 
size, slightly a.scending girdle, and two finned antapical spines. 

It is closely related to P. oimm in general, but differs in thecal 
plates and some structures in the posterior region of the ventral area. 

Dimensions: Length, 40/i; transdiameter, 36/4. 

Loc. Off Asamushi, Aug. 16, 1926. 
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Fig. 16. Pindifdum mfpjnicn^ n. sp. 

A and B« Diagrams of the (dates on the epitheca and the hypotheca. C, Side 
view. D, Dorsal view of another specimen. E, Oljltque |)olar view of the specimen 
C. F, Ventral view of another one. G, Side view of the longitudinal fin of the 
ventral area, il, Oblique antapical polar view of the posterior ventral area^ showing 
the four spines. (x600) 


14) Peridinium spheroidea^ n. sp. 

A small, spherical species with two finned antapical spines and 
broad girdle lists. The body is spherical without ventral flattening, so 
that both the epitheca and the hypotheca are hemispherical. The 
apical horn is small and flat, hard to detect. The apical pore is small 
with a short ventral furrow. There seems to lx: a ventral slit, but close 
observation proves it to be not a slit but a groove. The intercalary 
bands are broad and transversely striated. The plates are of the 
Metaperidinium type with three intercalaries. The apical / is a large 
hexagonal plate, but the dorsal plate ^ is small. The lateral intercalary 
plates y and e are small, and the dorsal h is somewhat larger. The 
ventral precingular a and g are minute, triangular plates. The girdle 
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is ascending and is displaced distally 1.6 its width, with a proximal 
arch. The furrow is relatively narrow, faintly depressed, with broad 
side lists bearing abundantly ribbed fins on their inner sides. Short, 
numerous, perpendicular wrinkles, their length being shorter than one- 
third of the girdle breadth, are observed along both sides of the groove, 
which are only the traces of the rib’s bases in the lists. The girdle 
plane is not perpendicular to the body axis, but is inclined about 16®. 
from the perpendicular plane. The ventral area is a narrow groove 
guarded with side fins. The right .side fin is a little narrower than 
the left, while the left one is broad and curves inwardly, spreading 
over and nearly covering the left half of the area. The flagellar pore 
is in the left .side, near the truncated posterior margin, of the area. 
Two long, antapical .spines, each with three lateral fins are on the 
antai^ex of the hypotheca, one on the right corner of the truncated 
post-margin of the ventral area, and the other on its left edge a little 
distance from its left corner. I'he left spine inclines ventrally. The left 
antapical plate 1 is smaller than the right one. The surface is smooth. 

Three spine-like processes are observed at the antapex in ventral 
view, but the shorter left one is not really a spine, but merely an 
image caused by the lengthwise view of the ix).steriorly thickened part 
of the side fin at the intersection of this with the left median fin of 
the spine, which is not noticed in side view. 

This species is di.stingui.shed at once from P. globiilust by its 
different thecal arrangement and in having antapical .spines. Peridinium 
cerasus, and P. orbiculare are distinguished from this by their smaller 
size, and its antapical spines serves to separate this from P. orbiculare. 
Peridinium sphericum Ok Amur a is one of the best related species, but 
differs in its much smaller .size, in having the equatorial girdle plate 
perpendicular to the body axis and in having a distinct apical horn. 
On the other hand, the distal displacement of the girdle, th^ shorter 
but spreading left antapical spine and the broad side li.st on the left 
edge of the ventral area show the clo.se relation of the two. Okamuka's 
non-dctailcd figures and descriptions make it difficult to identify it with 
this species, and it is quite probable that they are two different species. 

Dimensions : Length* 62/i; transdiameter, 68//; dorso-ventral dia¬ 
meter, 64//. 

Off Futagojima, Aug. 28, 1926. 
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Fig. 17. Feri^inium sphftoideo^ n. sp. 

A, Antapical ventral view. B, Side view. C and D, Pattern of the plates of the 
epitheca and the hypothcca. K, Ventral view of another smaller specimen. (x600) 

15) Peridinium hhobis, n. sp. 

A minute species with an extraordinarily wide girdle and two 
antapical spines. The epitheca is subhemispherical, the anterior surface 
of which is contracted to a short apical horn. The plates are of the 
Metaperidinium type with three dorsal intercalaries. Its cross-section 
at the girdle is broad oval. The girdle is post-median, and is very 
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wide, with ribbed lists. Its proximal part is far wider than the distal 
part. The furrow is not deeply impressed, and is slightly ascending 
distally. The ventral area is also wide, widening posteriorly, guarded 
with a broad fin on its left side. The flagellar pore of this secies is 
very large, is elongated along its left side and e:^tends anteriorly to 
the post-margin of the proximal girdle end. The hypotheca is a flat 
subhemisphere with a shallow post>indentation at the post-ma]^*n of 
the ventral area. In addition to the two long antapical spines, slightly 
diverging posteriorly, a short spine is seen on the inner side of the 
left spine in the ventral view. It is not a spine, but an image formed 
by the posterior extension of the side list. The surface is smooth and 
the intercalary bands are narrow and indistinct. 

Dimensions: Length, 26/:/; transdiameter, 24/i ; dorsoventral dia¬ 
meter, 22/4. 

Loc. Off Futagojima, Aug. 23, 1926. 





Fig. IS. Ptfidvttum Mrobis, n. sp. 

A, Ventral view of a smaller specimen with a broken apical part. B, Antapical 
view. C, Dorsal view of another larger one. D, 01 >li 4 ue ventral view. (x600) 
Ventral view of a different, imperfect specimen. (xl500) 


16) Peridiiiium pdluddum (Bekgh). 


ScHilTT 1806, M. XIV, Kg. 46. 
AuKtvauus 1808. p. 08. 
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Pauwen 1«P|5, i>. 4», Fig. 61. 

Broch 1910, p. 188, Fig. 6. 

Protopetidinium peUutidum Bergii 1881, p. 227, Figs* 46-48. 

A small, globular species with a tapering apical horn, two somewhat 
thick antapical spines and a broad girdle. 

The cpitheca exceeds the hpyotheca. The epitheca is subhemi- 
spherical, the side of which contracts gradually into a short apical horn, 
bearing a long ventral slit along its ventral anterior end. The plates 
are of the Metaperidiniutn type with three intercalaries. It is nearly 
circular at the girdle. The girdle is broad, not impressed, bearing 
wide, coarsely ribbed lists. It is ascending, and is displaced distally 
half its width. The ventral area widens somewhat |x>steriorly, invading 
deeply, posteriorly, the antapical plates. The furrow is deeply exca¬ 
vated, its posterior margin much indenting the antajxix. It is guarded 
with a broad lunar fin on its left side. The hypotheca is subhemi- 
spherical with two antapical spines on its antapex. The spines are 
subequal, often provided with fins along their whole length or at basal 
parts alone, their basal parts, thickening proximately, abruptly merge 
into the body contour. The surface is smooth. The intercalary bands 
are narrow but distinct. A minute j)ore-like figure is observed in the 
band anterior to the anterior plate of the ventral area. The thecal 
wall is thin. 



Fig. 19. Peridimum ptlluctdwn (Blrcii) 

A, Ventral view. B, Ventral antapical view. C, Right ventral view. (x600) 

The apical born of this species is shorter and less distinctly 
differentiated than that of P. steini, but is more pronounced than P. 
breve. Of this species, the ajMcal horn is more slender, the body is 
larger and somewhat elongated (the ratio of breadth to length is l.S) 
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than those of Broch's Val di Bora specimens to which it is most 
closely related. 

Dimensions: Length 34/i (including apical horn); transdiameter, 
31/a 

Loc, Off Futagojima, Aug. 23, 1926. 

17) Peridinium okamurai^ n. sp. 

P . pallidum Pauuskn var (?), Okamura 1912, p. 14, PI. IV, Fig. 70. 

A small, elongated, j^ear-shaped species with a short apical horn 
and two finned antapical spines. 

The body is .slightly dorso-ventrally compressed. The epitheca has 
convex sides which contract abruptly to a short apical horn. The 
apical ix)re bears a wide but short ventral slit. The plates arc of 
the Paraperidinium type with three intercalary plates. The dorsal 
intercalary plate d is larger than the apical j, and its surface in some 
sjxicimens is markedly convex so as to form a hump in the middle of 
the dorsal side. Consequently, the apical plate d can not be observed 
in the apical view of the epitheca, being hidden under the hump in 
.such a specimen. The girdle is post-median * and a.scending, and is 
displaced di.stally one girdle width. The furrow is not deeply impressed, 
bearing broad, well developed, ribbed side lists with a large rib at 
each of the bases of the longitudinal intercalary bands. The ventral 
area is narrow without posterior widening, guarded with the left broad 
and right low side lists. It noticeably indents the antapicals. The 
section at the girdle is broad oval without distinct ventral flattening. 
The hypotheca is rounded posteriorly with a narrow and slight post¬ 
indentation, each bearing two finned, long, antapical spines on its 
jx>stero-lateral corner, which expand po.steriorly. The antapicals are 
deeply indented by the ventral area, and also by the dorsal postcingular 
plate C. 

The surface is smooth. The intercalary bands are broad and 
striated. 

The girdle plane being perpendicular to the major axis, the long 
spreading antapical spines, the distinct apical horn distinguish it from 
P. pallidum Ostenfeld. This species is distinguished from P. michaelist 
by its spreading spines, swollen epitheca, different type and number of 
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thecal plates and by having no proximal arch of the girdle. 

Dimensions: Length, 69-76/i; transdiameter, 38~60/i; dorso-ventral 
diameter, 34-40/^. 

Loc. Off Futagojima, Aug. 23, 1926. 



Fig. 20. Per':dinium okamurni, n. sj>. 

A, Ventral view. B, Side view, C, Oblique dorsal view. D, Antero-vcntral 
view. E and F, Apical and antupical (oblique) view. (x600) 

18) Peridinium oceanicum Vanh. v. oblongum Aukiv. 

AuRiviMdirs ]898» p. 96. 

ScHim 1896, Pl. VIII, Fig. 44 (?)• 

Paulskn 1908 p. 66, Fig. 70. 

Brock 1910, p. 190, Fig. 7. 

Forti 1922, p. 90, Pl. VI. Fig. 83- 

A spheroidal species with long or short apical and antapical horns 
and a flat list along the right ridge of the longitudinal furrow. 
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Dimensions: Length, 9O-120/f; transdiameter, 60-65/1; dorso^ 
ventral transdiameter, 50/i, 

Ijk. Off Asamusni, Aug. 21, 1926. 



Fi^j. 21* Petidinium ateanicum Vanh. v. ohlongum Auriv. 

A, Somewhat elungated specimen. B and C, Rotund specimens. D, Arrangement 
of the plates on the epitheca. (x280) 


19) Peridinium adriaticum Broch. 




Fig. 22. Ptri^Hntum adrUiHcum Broch. 

A, Ventral view. B, Dnml view of another specimen. (R600) 
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Broch 1910, p. 191, Fig. 8. 

Forti 1922, p. 91, PI. VII, Fig. 84. 

This species is akin to P, oceanictim that its ascending^ girdle 

is displaced distally one girdle’s width. The plates are of the 
Metaperidinium type. The surface is reticulated with small thorns 
in their nodes. The longitudinal furrow is guarded laterally with a 
well developed left and a flat right fin. 

Dimensions: Length, 76-81/i; transdiameter, 47-6 I/a 

Loc. Off Asamushi, Aug. 16, 1926. 

20 ) Peridinium koma, n. sp. 

A small, trochoidal species with a broad ventral area and an 
asymmetrical antapical horn. 

The body is broad peg-top form with an eccentric antapical horn. 
The epitheca is conical, of which the anterior sides gradually merge 
into the apical horn. The plates in the epitheca are of the Ortho- 
peridinium type with three intcrcalaries. The apical / is a slender 
plate and the other 3, j, and ^ are relatively small. In the intercalaries 
dorsal 3 is larger than the rest. The apical a and ^ are elongated 
plates, but the plates 6, /, and c, e diminish their altitudes in order, 
the dorsal d is the shortest in its altitude. 

The girdle is narrow and post-median. The 
furrow is not deeply impressed, descending 
with the distal arch, and is displaced distally 
its own width. The ventral area is very broad 
and subtcrminal. The hypotheca is subhemi- 
spherical, bearing a prominent antapical horn a 
little to the right of the median axis. There 
is a slight elevation on the left side of the 
post-margin suggestive of a left rudimentary 
antapical horn. 

No corresponding species has been reported 
as far as I know, except Heterocapsa pacifica 
which has some resemblances in having the asymmetrical horn and 
the slight rudimentary elevation, though on the opposite side. 

Dimensions: Ijength, 67/<; transdiameter, 47/a 

Ijoc. Off Asamushi, Aug. 15, 1926. 



Fi(r. 28. Peridinium komoy 
n. sp. (x600) 
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21) Peridinium conicum (Gran). 

♦OSTENPKLD U. SCHMIOT 1900, p. 174. 

Okamura 1907, p. 182, PI. V, Fig. 8C. 

Pauwen 1908, p. 58, Fig. 74. 

Brck;h 1910, p. 195, Fig. 11. 

Forti 1922, p. 88, PI. VI. f'ig. 79. 

P, divergem pyfomidcUe Karstkn 1907, PI. XXIII, Fig. 14. 

A short and broad species with distinct, conical, antapical horns. 
The epitheca is broadly conical, with slightly concave or nearly straight 
sides. The cross section at the girdle is reniform. The antapical 
horns are formed by the deep post-indentation of the posterior part of 
the ventral area, and are somewhat laterally compressed. Judging 
from many observations, there is a tendency that the precingular-apical 
intercalary bands in the ventral and the precingular-intercalary inter¬ 
calary bands in the dorsal area to be less develoj^ed than the others, 
so that only these bands between two adjacent plates in one and the 
same series and also the apical-intercalary intercaUiry bands arc 
distinctly detected. 

Dimensions : Length, 96/i; transdiameter, 90//. 

Loc. Asamushi, Aug. 16, 1926. 




Fig. 24. Peridininm conicum (Gran). 

A, Ventral view. B, Doraal view. (x280) 

22) Peridinium conicum (Gkan) forma asamushi^ n. form. 

This differs from the preceding species in having two dorsal 
intercalaiy plates. The dorsal intercalary plate S is divided by a 
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longitudinal band into two unequal plates, the larger left and the 
smaller right. 

Dimensions: Length, 106/»; transdiameter, IOT/k. 

Loc. Off Asamushi, Aug. 18, 1926. 





Fig. S5* Ptfidhtium ewitwm (Gran) forma asantusM^ n. form. 

A, Ventral view. B, Dorsal view. C and D, Arrangement of the plates on the 
hypothecs and the epitheca. Cx280} 


23) P^ridinium crassipes Kofoid. 

Kowd 1907(e> p. m H. XXXI, Figs. 46, 47. 

PAUI.SKN 1908, p* 68f Fig. 73. 

BrocH 1920» P* 193, Figs. 9, 10. 

Manoin 1910, PI. VXU, Figs. 1^. 

Forti 1982, p. 98, PI. VII, Fig. 86. 

A medium-sized, broad species with blunt short antapical horns, 
and the proximal arch of the girdle. The cross section at the girdle 
is broad reniform, not so dorso-ventrally flattened. Two or three small 
protuberances are observed in the ventral view on the top of the 
sem^truncated end of the antapical horn, the outermost of them is 
the. longest and corresponds to the real tip of the horn. The one or 
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two inner processes are not the real spinM> but of tiw posterior 
extensions of the lists of the longitudinal furrow and that ^ong the 
rim of the longituifinal intercalary bands. The aot^ical horn is not 
(torso-ventrally thickened, but on the contrary flattened without forming 
dorsal and ventral angles, as the San Di^o sp«;imens. Hie sl^ht 
concavity of the sides of the epitheca shows an intermediate form 
between form typica and form autumnalis. 

Dimenaons: Length, 87/4; transdiameter, 93/4. 

Loc. Off Hadakaiwa, Aug. 8 and 29, 1926. 




Fig. crassipts Kofoid. 

A, Ventral view. B, Dorsul view. (x280> 

24) PeridinHim crassipet Koi^id forma (?). 

This form differs from the preceding in having a different plate 
arrangement, less pronounced proximal arch, and distal displacement 



Fig* a7* PttiUittiutH cfws^t Korom '(?)• 
Af Ytntral B, Aptcal view* (x2W) 
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of the girdle and more concave epfthccal wall. The plates of the 
epitheca arc of the Paraperidinium type with distinctly, displaced dorsal 
plates to the left. 

Dimensions: Ijength, 78//; transdiametcr, 81//. 

Loc. Off Hadakaiwa, Aug. 8, 1926. 


25) Peridiniutn pentagonum Gkan\ 


^'Gran 1902, p. 186. 190. 
pAijijtRN 1908, p. 69, Fig. 77. 
CoNRAii 1926, p. 96, PI. ir. Figs. 41. 
42. 

divitfrens pfHiagonwu Kaksten 

1907, n. xxiir. Kig. II. 


Dimensions : Tjength, 64//; 
transdiameter, 75//. 

Loc, Off Hadakaiwa. 



Fig. 28. Peridwium pmtngonum 
( 5 ran. (>< 280 .) 


26 ) Peridinium pentagonum Gran forma depressum, n. form. 

A broad and flattened form of P, pentagonum. The girdle is nearly 
circular, not showing the strong proximal arch and distil displacement. 
Body is strongly flattened dorsoventrally, .so that the cross-section at 
the girdle is a flat reniform, which makes the body very transparent 
and hyalinous. The intercalary bands in this form are irregularly 
developed. Tlie same relations as already pointed out in P, conicum 
are also noticed in this form in a more pronounced degree, so that in 
the apical view only three lateral suture lines with two short dorso- 
ventrally oonnecting bands near the apex are seen with distinctness 
while others are not worked out even with close examination, except 
one or two suture tines which are only surmised through the somewhat 
lineally arranged riches of the fine polygonal meshes on the reticulated 
surface. It seems an -extreme case of the irregular development of 
the band seen in P, conicum. In the hypotheca only one lateral line 
is prominent, probably these between A-B and This type of 
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irregularity is wholly different from that described by Broch in /! 
cantcum. 

Dimensions : length, 72/i; transdiameter, 87/i; dorso-ventral dia¬ 
meter, 35/i. 

Loc. Asamushi, Aug. 20, 1926. 





Fig. 29. Pefidimum fxntogmum Gran forma depressutn^ tu form. 

A, Dorsal view. B, Ventral view. C and D, Suture lines of the epitheca and 
the hypothcca. ( x 280) 


27) Peridinium quinquecorne, n. sp. 

A small, peculiar species with four antapical spines on the post¬ 
margin. 

Body is rotund jKJsteriorly and pointed anteriorly. Its length is 
1.3 transdiameter. 

The epitheca is subconical with an indistinct short apical horn. 
The apical pore has a short ventral slit with a small finger-like 
protuberance projecting on its dorsal wall. The plate formula of the 
epitheca is 2 ^, and 7 ". The ventral precingular plates a and ^ 
are the largest while the two dorso-lateral intercalaries are the smallest. 
The lateral apical 2 and 4 are somewhat concave, forming the side 
walls of the apical horn. The dorsal apical j is a somewhat large 
septagonal and is directly adjacent to the small precingular d. The 
girdle is comparatively wide and is deeply impressed with distinct 
side lists of the body wall. It is quite post-median, so that the 
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epitheca exceeds the hypothcca, excluding the spines, the ratio of the 
altitudes of epitheca to hypotheca being 0.53. The furrow is slightly 
descending, and is displaced distally its half width without a marked 
proximal arch. The section at the girdle is flattened reniform. The 
hypothcca is somewhat polygonal in ventral view, four spines on each 
angle. The ix)stcingular plates arc low in altitude while the major 
part of the hypothcca is covered with two antapicals, the spines being 
on the latter. 

The central right spine is displaced dorsally while the rests are 
middle or slightly ventral, but the central left is the longest of the 
four though not so distinct as in Gonyaulax triacantha. The spines, 
except the nght-mo.st one, are slightly curved inwardly or ventrally. 
The ventral area is broad and subtcrminal resembling much that of 
G. tnacantha. The surface is smooth without any markings. 

Cony aula X triacantha is the sole species which has a close resem¬ 
blance to this s|xjcics in having many antapical spines and a flattened 
girdle section. The first glimpse of this si)ecimen made me conjecture 
that it belongs to triacantha^ but close examination of the general 
shape, the arrangement of the plates, the structure of the girdle, and 
the ratio of the epitheca to the hypothcca have proved it to belong 
to a wholly different genus Peridininm, No corresponding form was 
found in the genus. 



Fig. SO. Pefidimnm qitinquccorney n. sp. 

A, Ventral polar view of the hyi>otheca of an incomplete specimen. B, Dorsal 
view of another si^ecimen. C, Ventral view. (x 600) 

Fuller accounts will be given when I could get enough material 
to further analyse their .structures as I have here observed only two 
individuals, one incomplete and one complete one. 
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Dimensions: ^ length, 30/i (excluding antapicat spines); transdia- 
nieter, 26//. 

Loc, Off Hadakaiwa, Aug. 11, 1926. 

28) Peridinium adhromaticum Levand. 

*^Licvani)Kr 1902i 4»» Figs. 1, 2. 

Osi'KNKEU^ 1908. p. 166, PI. V. Figs. 29-30. 40-43. 

Paulsrn 1908, p. 62, Fig. 80. 

A small species with a broad girdle, rounded hypotheca and 
Uuntly pdnted epithcca. The epitheca is subconical, bearing a long 
ventral slit of the apical pore at the apex. The section at the girdle 
is approximately circular. The hypotheca is rounded without ventral 
flattening, but the ventral area is deeply excavated which widening 
and deepening posteriorly extends to the post-margin. 



Fig. 81. PtrkHmum acArt/tnati€um Lkv. 

A Rod B, Len ventral view. C, I.«ft dorsal view of iMK>tber specimen. P, Dorsal 
antapical view showing the asymmetrical dorsal postdbgular C and the displaced 
intra-4Uitapical suture. E, Ventral view of a diflereot specimen, F, Bpitbecal view 
of the pattern of the plates in the C specimen. (x600) 

The ftirrow is guarded by a low fin on each side, Which broadens 
posteriorly. A minute s{rfne.ltke process is seen in the ventral view 
<m each side of tlie funrbw at the antapex which is not a ^ne but 
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the image of the posterior extension of the side fin formed in its 
lengthwise view. The sur&ce is smooth, except the broad intercalary 
bands in which faint transverse striations are observed. 

Its epithecal plates are 14 in number having three intercalaries, 
which agrees with the Lbvandrr’s Finland specimens. 

Dimensions : Length, 26-ZS/ji ; transdiameter, 24-31/i. 

Lac, Off Futagojima, Aug. 23, 1926. 

29) Peridinium levanderi, n. sp. 

A small, broad rhombic species with a wide girdle. The body is 
a rounded square in ventral view with somewhat pointed apical and 
broad antapical ends. Its length is slightly longer than tlie width, 
being 1.1 transdiameter. The epitheca is broad conical with slightly 
convex sides. The apical ix)re is small with a long ventral slit. The 
apical / is an elongated plate, and the small hexagonal j and ^ make 
the apex triangular in cross-section with the quadrangular dorsal apical 
The intercalaries y and e are of unequal size in the middle 
in the dorsal surface in saddle-fashion, comprising the larger left and 
the smaller right to the reversal result of the siase of the precingulars 
c and c. The ventral precingulars a and ^ are tall, trapezoidal plates, 
measuring about 0.76 altitudes of the epivalva. The plates d and f 
have nearly the same altitude but are much broader, and the dorsal 
// is a small, flat, pentagonal plate. The girdle is broad, slightly 
descending, and is displaced distally one-third of its width. The furrow 
is deeply impressed with low side lists. The hypotheca is somewhat 
dorso-ventrajly flattened posteriorly, and the {.)ost-margin of the ventral 
area is indented slightly, leaving the lateral part of it in two blunt 
antapical horn-like processes. The ventral area is narrow without 
marked posterior widenings. The surface is smooth and the plasm is 
colourless. The intercalary bands are narrow. 

I am in doubt whether this species is the one just corresponding 
to P, achromoHcum L. Levander reported 14 plates in the eptheca 
in the Finland specimens, while Ostenfeld found and figured only 13 
plates in the Aral specimens of P. achromaticum^ which has two 
separated intercalary plates. Our specimens corre$poci4 to the latter 
In having 13 plates in the epitheca, but differ from it in the relative 
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size of the plates and ttie arrangement of the intercalaries. In the 
Aral and the Finland specimens, the apical plates j, and 4 . are 
comparatively larger and the intercalaries smaller as compared with 
our Mutsu specimens, so that the anterior ends of the precingular 
plates a and g of the former are far behind the corresponding lines 
of our specimens^ in ventral view. The ventral area is narrow in Mie 
Aral and broad in the Finland specimens (according to Paulsen's 
figure), while in ours both types are detected. 

No antapical spines, reported both from the Aral and the Finland 
specimens, were observed in our specimens. Notwithstanding these 
differences, ther^ is no doubt of the existence of a close similarity or 
relation between the two. 

Dimensions : Length, ; transdiameter, ; dorso-ventral dia¬ 
meter, 32/i. 

Loc. (^ff Futagojima, Aug. 23, 1926. 





Fig. B2> PeruHmum levamUn^ n. sp. 

A, Ventral view. B, I.efl ventral view. C, Ijtit side view. P, I^ft donial view. 

E, Right dorsal view. F, Right side view. G, Right ventral view. H, Arrangement 
of the plates in the epitheca. (x600) 

30) Peridinium munobb, n. sp. 

A small, achromati^m-\ik& species with a pre-median girdle. The 
epitheca exceeds the' hypotheca. 
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The epithecd is flat and conical, with somewhat convex sides and 
a pointed apex. 'Fhe apical pore bears a short, narrow ventral slit 
(but not having any real opening). The plates are of the Orthoperi- 
dinium type with three dorsal intercalaries. The girdle is relatively 
wide and circular, bearing the side ridges of the thecal wall. The 
furrow is deeply impressed with numerous transverse striations on its 
wall. The ventral area is wide, guarded by very low side fins 
increasing its width posteriorly, of which the iK)sterior parts will be 
easily misinterpreted as minute antapical spines in a ventral view. Tfie 
hypotheca is rounded posteriorly, with a swollen, distinctly convex, 
ventral side ; its posterior end is flattended dorso-ventrally. The ventral 
area is wider than the girdle of which the ix)sterior end is slightly 
indented. 



Fig. 3.3. PeriiUmum mwtofns^ n. sp. 

A, Apical view. (xl600) B, I-cft side view. (xCOO) 


In inspecting plankton this species is apt to be easily confused with 
P. achromaticum and P, levanderi because of their minute size and 
broad, rhombic shai^e. This species is distinguished at once from them 
by its anteriorly displaced girdle plane. P. achromaticum is easily 
distinguished from P. levanderi by its larger size, relatively pointed 
antapieaPend and somewhat wider ventral area. In the three, the 
precingular series of plates of this species are the least developed in 
contrast to the well develoj^d apical plates. 
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Dimensions: Ijei^h, H/m; transdiameter, 99fi. 

Lor. Off Futagcjima, Aug. 23, 1926. 

81) Peridinium biconicum, n. sp. 

A medium-sized, somewhat elongated, rhombic species with a 
hyaline antapical fin and a descending girdle. 

The body is biconical antero-posterioriy witli straight or slightly 
concave sides. The epitheca is conical with a slit-Uke apical pore at 
its pointed apex. The pore has long ventral and dorsal .slits, resulting 
in an elongated aperture with a somewhat wider part, the apical pore, 
near its dorsal end. The lateral walls of the pore project in short 
hnger-like processes at the anterior ends of the intercalary bands 
between the apical plates 2 -j, and In some specimens a flat, 

hyalious, membrane-like structure is seen along the whole length of 
the aperture, but it probably is a process of the inner plasm through 
the pore. The plate formula is .?Y, 7 " and 3 ^. The apical / 
is a long, narrow plate of which the surface is slightly concave, and 
the dorsal rhombic j is smaller than the lateral ones. Tlie ventral 
precingulars a and ^ are the largest and the dorsal pentagonal d is 
the smallest in the series. The large hexagonal intercalaries 7 and e 
are in the middle of the dorsal surface bilaterally, in saddle fashion. 
The intercalary bands are broad and well developed, with transverse 
striations. 

The girdle is median, slightly descending, and is displaced distally 
1.5 girdle width. The furrow is deeply impressed with side lists and 
numerous transverse parallel ribs and grooves on its wall. The ventral 
area is narrow but is deeply impressed, without posterior widening 
and with low lateral fin$. The ventral area extends to the post-margin, 
diminishing in depth, with a deep subtemiinal, asymmetrical excavation 
on the ventral left side, so that at die hindermost part of the body, 
the left half of the ventrsd ^lart is impressed, making the remaning 
part somewhat obliquely aemi-ctrcular in cross section, while the post- 
margin forms a small shovel-like tin. In some specimens a spine^like 
thickenhig is seen medially. The ventral ride of the h)rpodieca is 
stroii||^y oonvex, and along its median line is the deeply excavated 
venti44 sur&ce is Smooth without any 
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Fig. 34. PeridinituH UtonitHtu, n. »p. 


A, Dorso-lkteral view. B, Ventral view. C, Left side view. D and E, Arrange^ 
ment of the plate* on the epitheca and the hjrpotheca. K, Right ventral vietv of 
another specimen. G, Antapical ventral view of the liypotheca, showing the ventral 
area of a tmaUer iipecimeti. H. Left lude view of G specimen showing the depression 
of the ventral aresi the flagellar pore, and the side fins of the furrow. (xflOO) 

Mttrrayella punctata (Cleve), Heterocapsa triquetra Stein, and 
Ceratium hicomcum Murr. and Whitt, are closely resembling species. 
Murrayttta punctata differs from this species in having distinct surface 
markings, a rounded anterior end, short, oblique, ventattl a*ea and no 
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antapical fin. This also differs from Hcterocapsa iriquetra in size and 
in having a more pointed apical end, a narrower girdle, a less developed 
antapical horn, no ventral epithecal furrow, and a straight but long 
posterior-ventral furrow. From Ceratmm biconicum it differs profoundly 
in its broader body, pointed anterior end and faintly listed, deep, ventral 
furrow. 

Dimensions: Length, 70/i; transdiameter, 47/^; dorso-ventral dimen¬ 
sion, 44/i. 

Jmc. Off Futagojima, Aug. 20, 1926. 

32) Peridinium ventricum, n. sp. 

A small, asymmetrically biconical species. The hypotheca markedly 
exceeds the epitheca. 

The epitheca is a flat subcone, bluntly pointed anteriorly, with a 
slight ventral concavity. The apical pore is not on the anterior 
extremity but is distinctly displaced ventrally, lying in the node of 
the apical plates /, 2 , and 4 ., bearing a peculiarly long dorsal slit 
(truly only a groove) instead of a ventral one, passing over the anterior 
end, extending to the middle of the dorsal apical plate j. The apical 
pore is in the ventralmost end of the slit. The plates are of the 
Orthoperidinium type with two unequal intercalaries. The dorsal apical 
plate j, the intercalaries, and the precingular plate d are displaced 
somewhat to the right side of the body and all of them are more or 
less irregularly shaped. The section at the girdle Is semicircular with 
a slight veritral excavation. The girdle is relatively wide, deeply 
impressed, descending, and is displaced distally one girdle width, with 
side-ridges of the thecal wall. The ventral area is narrow and deeply 
impressed, extending to the antapex where it widens slightly. The 
hypotheca is a somewhat elongated subcone with concave dorsal and 
somewhat convex ventral sides, and narrow but faint post^indentation, 
bearing or not bearing a ;low fin along its right post-margin. The 
postcingulars are one-third of the antapicals in their altitude except the 
ventral A and E which occupy its entire length. Tlie sur&ce is sn^th 
and the intercalary bands arc very narrow. 

From jP. biconicum, which this species resembles most closely, it is 
distinguished at once by its smaller size and anteriorly dTsplaced girdle 
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plane. This dorsal elongation of the apical slit-like groove is also 
fairly developed in l\ biconicum in which the pore lies a little ventrally 
from its dorsal end. This ventral displacement of the apical pore or 
the dorsal elongation of the slit of this biconical species serves to 
separate it from all other species in the genus. 

Dimensions: Length, 61-64/^; transdiameter, 42~47/i. 

Loc, Off Futagojima, Aug. 2S, 1926. 



Fig. 86. PetitHfUnm vtntrumiy n. sp. 

A, X^iitral view. B, Autcro-ventral view. C and D, Apical and aotapical view. 

E, Right dorsal view. F, Right side view. G, Dorsal view of another specimen. 
(x 600 ) 

CONGRUENTIDIUM, n. gen. 

The body is of nearly bilateral symmetry. In ventral view its 
form resembles some Peridinium in the pre.sence of a small apical 
horn and widely sei>arated antapical spines. The body is strongly 
-dorso-ventrally flattened, with a dorsally inclined girdle plane. Tlie 
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epithisca is subegual to the hypotheCa» Its peripheral part is thin, 
forming a meridionai edge. The platfes are as follow; four apicals, one 
apical intercalary, five pfeCiH^htrS, five girdl plates, five postcingularsi 
one antapical intercalary, and two antapicals. In the smaller number 
of the precingular plates and in the development of the intercalary 
plate in the rear of the ventral area, coupled with the dorsoovehtral 
flattening, it differs from Peridinium. By the difierent number and 
the symmetrical arrangement of the plates, and by the presence of 
the nearly completing girdle, it is distinguished from H^Urodinium. 

33) CongrucnIidIhiMl e w npreta unty n, sp. 

A peculiarly flattened, pentagonal species with a minute apical 
horn and two amall, widely separated antapical spines intervening a 
shallow but wide post-indentation. 

The body is pentagonal, strongly flattened dorso-ventrally, its length 
is 1.03 transdiameter and its dorso-ventral diameter on the middle of 
the girdle level is 0.26 transdiameter. The cross-sections at the girdle 
and in the dorso-ventral meridional plane are both elongated and are 
somewhat slightly deformed spindle shaj^es. The epitheca is not so 
strongly flattened as the hypotheca, as the post-marginal part of the 
latter is extremely thin. The epitheca is broad and slender conical in 
ventral and side views, respectively, provided with convex sides and 
a slight stej^Iike shoulder in the apical-precingular suture. Its sides 
contract to a small but distinct apical horn, widening slightly anteriorly, 
with a minute pore and a narrow ventral slit which continues to a 
fine canal leading into the inner cavity. The thecal wall is thick, 
especially in the marginal parts where the dorsal and the ventral walls 
fuse to form a broad and very thick wall except at the apex where 
a fine canal connects the narrowed cavity with the pore penetrating 
through the wall. The plate structure is obscured by the inner plasm 
at the central part, so that it is very difficult to analyse fully the 
relations of the plates in the central region. The plates compriring 
the epitheca are 10 in number. The mid^ventral apicalv / Is an 
elongated, rhombic plate narrowing anteriorly, and the other apicals 
are all triangular, two small one^ s and 4 ^ on the latei^ sides of the 
former and a large one, on the dorsal, occupying nearly its anterfor 
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half with an incurved basal rim. The precingular plates are all low 
in altitude, numbering 6, comprising two ventral, two side, and one flat 
dorsal plate. Along the middle of the side precingular plates are the 
margjmal body edges. A flat, somewhat lens-shaped intercalary plate 
is on the dorsal side, two ends of which are truncated obliquely. Tlje 
girdle is relatively wide, ascending slightly, and is displaced distally. 
It is median in the ventral and distinctly post-median in the dorsal, 
so that the girdle plane inclines dorsally about 60®. The furrow is 
deeply impressed with low but stout sidelists. Tlie ventral area is 
narrow and short, only extending posteriorly half way between the 
girdle and the post-margin. It expands a little abruptly to the right 
to form a pocket-like depression in the bottom of which lies the 
fl^Vgellar pore, but in some specimens this impression is seen along the 
middle of the area instead of on its right side. The anterior plate 
indents the hypotheca a little, ending in a sharply truncated terminal. 
The hypotheca is broad and trapezoidal with two .spines on the widely 
separated angles and also shoulders in the {)ostcingular-antapical sutures. 
The post-maigin is slightly indented, the bottom of which is nearly 
.straight, and slightly convex or concave at the intra-antapical suture. 
The antafHcal horn is short, and is hardly appreciable in some 
specimens, ending in a small spine. lx>w hyaline, denticulated flns 
are seen in some of them, along the sides and the posterior ,margins 
of the antapical plates. The postcingular-antapical suture is broad, 
subparallcl to the girdle in the dorsal, but strongly displaced posteriorly 
in the ventral side by the development of the large ventral intercalary 
plate. The postcingular plates are 6 comprising one dorsal, two lateral, 
and two ventral ones. The antapical are two, each covering the 
postero-lateral corners. A large intercalary plate is at the rear of the 
ventral area, indenting the antapicals deeply. It is also slightly concave 
following the ventral area. The intercalary bands between different 
series of plates are broad and striated, but those of the intraserials 
are narrow, except the intra-antapical one. The surface is smooth. 

This peculiar and interesting species has, as far as I know, clearly 
defined and isolated characters which distinguish it from any other 
species of all the PeridinUUe^. It is remarkable in form, in the strong 
dOrso-ventral flattening and in the dorsal inclination of the girdle plane, 
as well as in the number and the arrangement of the thecal plates. 
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In the characters of the widely separated antapical spincs» it is closely 
related to Gonyaulax catenata^ but diflfers in having the small antapical 
horn, smaller number of the antapical spines, the epkhecal and the 
hypothecal shoulders, and the stroi^ flattening. From some strongly 
flattened species of Heterodinium^ it is distinguished by its plate 
arrangement and the dorsally inclined girdle plane, as well as in 
having a complete girdle furrow and two antapical plates. 

Dimensions: Length, 62-65/!i; transdiameter, 68-63/1; dorso-ventral 
dimension, 16//. 

Loc. Off Futagojima, Aug. 23, 1926. 



PERIDINIALES OF MUTSU RAY 


423 


CERATIUM ScnRANK. 

34) Ceratium furca subsp. 
eugrammum (Ehkik;). 

J^KCKNSKN 1911, PI. II. Fi|;s. 24, 26, 26- 
* Peridinium eu^tUMWium Eiikknkkrc; 1869, p. 792. 

Dimensions : length, 135//; transclia- 
nieter, 17 /l 

Loc. Off Asamushi, Aii^. J6, 1626. 


Fi^. R7. Lrratiuffi 
furca sulisp. 
euf^ammtiin 

(Ehrik;). (x600) 


35) Ceratium fusus 

(Khriig). 

^•KiiuKNm uclSna, p. 271, 18:M, 
PI, U, Fi{r. 3. 

Paulskn 1908. p. 91, Fig. 12R. 

Okamitra & Nisiiikawn, HH)4, 
p. 127, Figs. 22, 23. 

S(nun 1896, PI. IX. Fig. 36. 

The right antapical horn 
is short and roundc/l. 

Dimensions: length 

400// ; transdiameter, 24//. 

Loc. Off Asamu.shi, Aug. 
10, 1926. 



36) Ceratium pulcheUum Siikodek. 

SchrSdkr 1900, PI. I, Fig. 17c. 

J0R(;knsicn 1911, p. 83, PI. Ill, Figs. 69, 60, 61. 



Dimensions : Ijcngth, 400//; transdiameter, 

86 //. 

Zak. Off A.samiishi, Aug. 20, 1926. 


Fig. 38. Ccftdiutn fmus 
(Eiirb(;> 

A, Straight spccinieu.( x 280) 

B, Mid-bfxly. (x600) 
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Fig. SO. CtraHum pulehtUum 
SatKOD. (x280} 


, ABl^. 

» 

37) Ceratium pulcheHum var. 
longipeSi n. var. 

The shallow post-indentation and 
widely spreading antapical horns 
serve to distinguish this variety from 
the former species. 

Dimensions : Length, 430/i; 

transdiameter, Slfjt, 

Loc, Off Asamushi, Aug. 23, 
1926. 

38) Ceratium tripos 

(O. F. Muller) var. 
adantica Ostfld. 

*OsTKNPEU> 1908. p. 584, Kitjs. 132, 133. 

PAUI-SF.N 1908, p. 77. Fig. 120. 

J^R«KNSKN 1911, p. 36, PI. IV, Figs. 69- 
73. 



Fig. 40. CeraHmm ptUchtUum var. Ungipes, n. var. (x280) 
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Dimensions; length, 260-;i00; transclianieter, IZ-lifi. 
Lac. Off Asanmshi Aug. S, 1926. 




FiV. 41. Ceratiwn tripos var. atlantica OsiKU). (X285) 

39) Ceratium tripos var. subsalsum Ostfld. 

*04TKNi.TiJi 1903, p. 584, Fig. 134-^ 

Paulsen 1908, p. 79, Fig. 104. 

Borc;ert 1919, PI. I. 

J^RdENSKN 1911, p. 86, PI. in, Figs. 66, 67- 
Common species in summer. 

Dimensions : length, 94~153/i; transdiameter, 41-49//. 



426 


T. 11. ABK 


Loc, Off Asamiishi, Aug. 
20, 1926. 

40) Ceratium bucephalum 
var, heterocamptum 

JjIrgenskn. 

C. bticephalum var. hetefocamptnm 
J^R«. 181)0, p. 44, PI. IT, Fip. 12. 




42. Ceratium tripos var. su^>salsum Os im.i*. (x280) 


n 



Fig. 43. Ceratium hutephatuni var. 

heterocamptum (x280) 


C. (tripos var.) arielinum Clkvk 1900 
(a), p, IS, ri. Vn. Fig. 3. 

C. heterocamptum, Pai’Lskn 1908, p. 
76, Fig. 101. 

C, htsceph, var. heterocamp, J^kgf.nskn 
1911, p. 48, PI. V. Fig. 101. 

The distal part of the right 
antapical horn shows a charac- 
teristic curve, distinctly turning 
inward nearly perpendicular to 
the apical horn. 

Dimensions: Length, 162/i; 
transdiameter, 66/^. 

Loc, Off Asamushi, Aug. lO^ 
1926. 
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41) Ceratium macroceros (Eiirbg). 

* EiikKNHKkc; 1840. p. 201. 

Okamuka and Nishikawa 1004, p. 122, Fig. 2. 

Ok AMUR A 1907, p. 129, PI. IV, Fig. 23. 

Paulsfn liK)8, . 81, Fig. 81. 

J0RGKNSKN 1911, p. 6.% PI. I, Fig. 6; ri. VIT, Figs. 132, 133. 

A thin-walled, delicate species common in the summer plankton at 
Asamushi. 

Dimensions; I-ength. 430-500/«; transdiameter, 55-60//. 

Loc, Off A.samushi, Aug. 21, 1926. 



Fig. 44. Ceratium Mactacerojt (Kiikw;). 

A, B, C, D. (xl20) K, Intermediate form !)ctwcen this and sul)sp. gatlicum^ 
(Xl20) 

42) Ceratium macroceros (Khrbg). var. karsteni, n. var. 

C'. tripos motto, EiiKitc. var. erassa Karsten 1907, Pi. XI.IX, Fig. 27e. 

The mid-body is slightly larger than the preceding and is remarkably 
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swollen anteriorly, so that the transdiameter at the girdle is shorter 
than that of the largest part of the pregirdlc and the mid-body is 
somewhat pentagonal in ventral view. 

The basal part of the apical horn is thick and gradually tapers 
distally. The right antapical horn usually curves with a smaller 
curvature than the preceding. The post-margin is always narrower 
than the transdiameter at the girdle. The surface is smooth. 

Dimensions; length, 500//; transdiameter, 07//. 

Loc. Off Asamushi, Aug. 10, 1926. 



Fig. 45. Cefntium ma<roceros (EiiKiif;). var. karsteni, n. var. 

43) Caratium macroceros (EiiatfO-) forma (?) ^ 

•S 

The post-indentation is much deeper than 'that of C. Carriense f. 
ceytanicum (B. Scer.) J^rg, and C, teniie var. httceros (Zacharias). 
Also the girdle lists are complete. The deep post-indentation and the 
mid-body closely correspond to C. macroceros. 

Dimensions: Length, 360//; transdiameter, 55//. 
hoc. Off Asamushi, Aug. 26, 1926. 
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Kokoid 1907, p. 302, PI. XXIV, Figs. 10-12. 

Jorgensen 1911, p. 63, PI. VU, Figs. 134, 136. 

Forti 1922, p. 63, PI. Ill, Fig 48. 

This is distinguished from C. macroceros mainly by its right anta- 
pical horn, sharply bent at a little distance from its proximal end, 
somewhat intervening a straight part. The mid-body is small with a 
straight post-margin. There seems to be a tendency, as measurements 
show, that the narrower the proximal antapical angle, the longer the 
proximal straight part of the right antapical horn. 

Dimcn.sions: Ijcngth, 470“lil5/^; transdiameter, 50-68//. 

Loc, Off Asamushi, Aug. 8, 1926. 

45) Ceratium massiltense (Gourret). 

J0K(]ENSKN 1911, p. 66, PI. VII, Figs. 140, 141, 142. 

Okamuka 1912, p. 9, PI- 1, Fig. 13. 

C. var. moisUiense Gourk. 1883, p. 27, PI. I, Fig. 2. 

C trip* macroceroides Karsi'KN 1906, PI. XXI f. Fig. 28 a. b. 

C, trip, macfoi^fos Kars'I’en 1906, PI. XXII, Fig. 29 .a. 

C. ostinfeldH KowiiD 1907(e), p. 306, PI. XXVI, Fig. 22-26. 
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Fig. 48. Cifatium matsiHense (GtumuKr). 

A. (xl20) Ei Ventral view of mid-body. (x280) 

A stout, spreading species common in late summer plankton at 
Asamushi, with a thick wall and a wrinkled surface. 

Dimensions : length, 550/i ; transdiametcr 75//. 

Ij)c, Off Asamushi, Aug. 20, 1926. 

46) Ceratium trichoceros (Khkiig). 

Koi*x»id l<H)8(b), p. 388. 

J^KtiRNSKN 1911, p. 75, I’l. TX. Fig. 169. 

* Peridinium trichoceros KiiRKNnicRe 1869, p. 791, 1873, p. 3, Fig. I. 

C,Jlogell^eriMi Ci.KVK(a) 1900, p. 14, PI. VH, Fig. 12. 

C. tfipos ftagelliferum Kars'I I N 1906, 1*1. XX11, Fig. 31b. 

C, tripos flagell, forma trasses Karsif.n 1906, PI. XXll, Fig. 32 a, b. 



Fig. 49. Ceratium trichoceros (Ehrw;). (x120) 
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The mid-body* is tall and triangular and little smaller than that of 
C, inflexum. The basal |xirt of the left antapical horn is delimited 
from the post-margin. 

Dimensions; Length, 40()/i ; transdiametcr, 54//. 

Loc. Off Asamushi, Aug. 24, 1926. 


47) Ceratium inflexum (Gourret). 

Kofoio 1908(b), p. 388. 

J^RGKNSKN 1911, p. 76, n. IX, Figs*. 160, 161. 

C, tpipos var. typUum Gourrei* 1883. p- 31, PI. It, Fig. 86. 

C. flagelUftrum vwr, JUifortnis Okamura et Nishikawa 1904, p. 123, PI. VI, Fig. 11. 
C. tripos ftagell, forma aufpdata Karstrn 1906, PI. XXIT, Fig. ,83. 

C. trip. var. niaefoteras forma undulaia Karstf.n 1907, PI. XLVIT, Fig, 28. 

This is distinguished from C. trichoceros by its larger, but flat and 
triangular mid-body. 

Dimen.sions; Length, 350-420//; transdiameter, 54-63//. 

Loc, Off Asamushi, Aug. 24, 1026. 




Fig. 60. Ceratium it^xum (Gourret). (x120) 
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